
BRACHYTHERAPY FOR

BREAST CANCER

Alfredo Polo MD, PhD

Division of Human Health


International Atomic Energy Agency



THE BOOST TO THE TUMOR BED IN 
BREAST CANCER RADIOTHERAPY 



INTRODUCTION





DOSE - CONTROL



Clinical-Pathologic Study of Early Breast Cancer
Treated by Primary Radiation Therapy

By Jay R. Harris, James L. Connolly, Stuart J. Schnitt,
Richard B. Cohen, and Samuel Hellman

We performed a clinical-pathologic review of 231 pa-
tients with early breast cancer treated by primary
radiation therapy. There were 27 patients with infil-
trating ductal carcinoma treated with excisional biop-
sy whose tumors showed a constellation of histologic
features: moderate or marked intraductal carcinoma
in the tumor,'intraductal carcinoma in the adjacent
tissue, and high nuclear grade. These patients had a
5-yr local tumor control rate of 61% compared to 96%
for similar patients whose tumors did not show all
three features. Radiation dose to the primary tumor

P RIMARY RADIATION THERAPY for
early breast cancer is a treatment approach

that combines conservative surgery and radiation
therapy. The conservative surgery consists of a
resection of the tumor and, typically, a lower
axillary dissection. The lower axillary dissection
is performed to estimate prognosis and to deter-
mine the need for adjuvant systemic therapy.
External beam radiation is then delivered to the
entire involved breast and appropriate lymph
node areas, depending on the location of the tu-
mor and the histologic status of the axillary
nodes. An additional radiation dose, generally
referred to as a "boost," is delivered to the pri-
mary tumor area by either interstitial implanta-
tion or more restricted external beam radiation.

Primary radiation therapy has become more
accepted as an alternative to mastectomy for
women with early breast cancer. Numerous stud-
ies demonstrated that effective local tumor con-
trol and good cosmetic results can be achieved
with adequate doses and technique of radiation
therapy.'" Retrospective results of primary radi-
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area influenced the likelihood of local recurrence in
these 27 patients: 15 of these patients received 6000
rads or more to the primary tumor area and had a 5-yr
local tumor control rate of 84%, compared to 48% for
the 12 patients who received less than 6000 rads.
These results indicate that a subgroup of breast cancer
patients can be identified that has a high risk of local
recurrence when an insufficient radiation dose (i.e.,
less than 6000 rads) is delivered to the primary tumor
area.

ation therapy with a follow-up interval of up to
20 yr are now available.7-9 In addition, two re-
cent prospective, randomized trials comparing
mastectomy and primary radiation failed to show
an advantage for one form of treatment over the
other. 10,'

Despite the increasing general acceptance of
primary radiation therapy, several important
clinical questions regarding this therapy need to
be resolved. One such question is whether or not
certain groups of patients are at increased risk of
local recurrence following primary radiation
therapy. In an attempt to answer this question,
we performed a review of the histologic features
of the tumor in 23 1 patients treated at our institu-
tion. ' We related these histologic features to the
likelihood of local recurrence and found four fea-
tures that were associated with an increased risk
of local recurrence: (1) in situ carcinoma in
breast tissue adjacent to the tumor, (2) a moder-
ate or marked degree of in situ carcinoma within
the tumor, (3) high nuclear grade, and (4) a mod-
erate or marked number of mitoses.

In this paper, we examine interrelationship of
these histologic features as they affect the likeli-
hood of local recurrence, and examine the influ-
ence of radiation dose on local recurrence for
patients with these histologic features. The re-
sults indicate that patients who have all four his-
tologic features have a high risk of local recur-
rence, but this risk is reduced by the use of
adequate doses of radiation. In contrast, patients
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radiation dose effect, but the number of patients
with less than excisional biopsy was too small to
reach statistical significance.

In order to evaluate the influence of the var-
ious histologic features of the tumor on local
recurrence, we restricted our attention to those
patients who underwent excisional biopsy. The
influence of histologic features in patients with
less than excisional biopsy could not be assessed
because of insufficient patient numbers. In addi-
tion, we restricted our attention to the large ma-
jority of patients with infiltrating ductal carcino-
ma because the histologic features discussed here
are consistently and appropriately defined only
for infiltrating ductal carcinoma. There were 30
patients who had tumors other than infiltrating
ductal carcinoma (15 infiltrating lobular, 4 med-
ullary, 2 mucinous, 1 papillary, 1 adenoid cystic,
4 undifferentiated, and 3 unclassified), and only
1 (3%) of these patients developed a local recur-
rence. We further restricted our study population
to those patients whose biopsy material con-
tained sufficient tissue adjacent to the tumor for
histologic evaluation. There were 35 patients in
whom there was not sufficient tissue adjacent to
the tumor for histologic evaluation, and 2 of
these patients developed a local recurrence. Thus
the total evaluable population numbered 154 pa-
tients, including 9 who developed local
recurrence.

In our previous study, both moderate or
marked intraductal involvement in the primary
and the presence of intraductal cancer in the adja-
cent tissue were found to be associated with an
increased risk of local recurrence.•2 The relative
importance of these two histologic features in
patients with excisional biopsy is examined in
Fig. 2. It shows the local tumor control in the
four possible patient subgroups: the 48 group I
patients had neither feature, the 22 group II pa-
tients had moderate or marked intraductal in-
volvement in the primary only, the 25 group III
patients had intraductal cancer in the adjacent
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Fig. 2. Actuarial local tumor control in the study

population of 154 patients to determine the relative
importance of moderate or marked intraductal in-
volvement in the tumor and in the adjacent tissue:
group I, neither (48 patients); group II, primary only
(22 patients); group III, adjacent tissues only (25 pa-
tients); and group IV, both primary and adjacent tis-
sue (59 patients).

tissue only, and the 59 group IV patients had
both features. Figure 2 indicates that the risk of
local recurrence is significantly greater in pa-
tients who have both histologic features com-
pared to patients who have only one or neither
feature. The 5-yr rate of local tumor control was
77% for patients with both features, and 99% for
patients not having both features (p = 0.001).

An analysis of local recurrence for patients
with intraductal involvement in the primary and
in adjacent tissue and for patients not having both
features is shown in Table 1. All 5 true recur-
rences were in patients having both features.
None of the 95 patients who did not have both
features developed a true recurrence. All 5 true
recurrences occurred in patients who did not re-
ceive a boost dose of radiation to the primary
tumor area for a total of 6000 rads or more. None
of the 37 patients who had both features and
whose primary tumor area was boosted to 6000
rads or more developed a true recurrence. Three
patients developed marginal misses, two having

Table 1. Analysis of Local Recurrence Related to Intraductal Involvement

True Recurrences Elsewhere

No. of Dose Dose Marginal in
Group Patients < 6000 rods > 6000 rods Miss Breast

Both features present* 59 5/22 0/37 2 1
Both features not present 95 0/29 0/66 1 0

*Moderate to marked intraductal involvement in the primary and present in the adjacent tissues.
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Pfahler 
1932

Keynes 
1937

Baclesse 
1965

Patients 53 176 142

5yOS 80% Stage I: 71%

Stage II: 29% •

5yCSS • • Stage A: 54%

Stage B: 67%

Comments

As good as 
mastectomy. Not 

widely used due to 
lack of Radium

66 - 70 Gy 
fractionated over 

3months

RESULTS OF NON-SURGICAL SERIES
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NSD cut-off Local control Relative Risk

Whole breast 1530 96.2% vs. 90.8% 2,4

Tumor bed 1840 92.9% vs. 97.6% 3,2

IMPACT OF DOSE ESCALATION

Clarke DH, Le MG, Sarrazin D et al. Analysis of local-regional relapses in patients with early 
breast cancers treated by excision and radiotherapy: experience of the Institut Gustave-
Roussy. Int J Radiat Oncol Biol Phys. 1985;11:137-145.



TABLE II 

Breast cancer: tumor excision and radiotherapy. Radiotherapy treatment policy. 

Dose to the breast (Gy) Boost (Gy) Total dose (Gy) NSD 

1966-70 40-45 a 
1970-72 b 45 a 8-20 c 

1972-75 65 12-20 c 

45 + 20 c 

1976 65 ~ 

1977-79 65 a 

20 a flash a + 40 

40-45 1450-1500 

53-65 1580-1760 

77-85 2055-2120 

65 • 1760 

60-65 1760-1780 

a Cobalt 60 SSD 60 cm. 
b Some patients received 2 x 4 Gy on the tumormass as a prebioptic procedure before Vim Silverman Needle biopsy. If this was the 

case, usually no electron boost was given afterwards, except in 5 cases. 

15 MeV electrons (Brown Boveri Betatron). 

a Flash: preoperative irradiation of the entire breast 5 • 4 Gy. 

mies in smaller and segmentectomies in larger tu- 

mors.  

Breast irradiation 

Cobal t  60 irradiation to the entire breast  was done  

in all patients, except in two who were treated by 

15 MeV Beta t ron electrons only. The total  dose to 

the breast  varied f rom 40 to 85 G y  (Table II). The 

dose was calculated at midline depth. Appropr ia te  

wedge filters were used in mos t  patients to reduce 

dose variations in the breast  to less than 10%. The 

patients were treated on a basis o f  f ract ionat ion 

schedule o f  5 x 200 cGy  a week. Until  mid-1979 

lateral and medial tangential  fields were irradiated 

on al ternating days. Afterwards  every day treat- 

ment  o f  all fields was initiated. 

F r o m  1977 to 1979 a preoperat ive flash o f  5 x 

400 cGy  in one week (Cobal t  60) to the entire breast  

was given to patients, referred before tumorec tomy.  

Booster  doses to the t umor  area were given with 15 

MeV=electrons (Brown Boveri Betatron)  f rom 1970 

to 1976. Usual ly 20 G y  was administered in 10 frac- 

tions in 2 weeks. 

Treatment of the regional lymph nodes 

Between 1966 and 1976 an irradiat ion on paraster-  

nal, supraclavicular  and axillary fields to 45 G y  was 

usually performed.  Until  mid-1976 axillary dissec- 

t ion was done  in only 8 patients. F r o m  June 1976 

a dissection was routinely done in nearly all patients 

(134/140) to select patients for ad juvant  chemoth-  

erapy administrat ion.  In 14 cases axillary dissection 

was followed by rad io therapy  to the axillary and 

supraclavicular  area. Nine patients had no treat- 

ment  o f  the lymph node areas at all. 

Adjuvant chemotherapy 

Starting in 1976, ad juvant  chemothe rapy  was given 

to patients with histological evidence o f  nodal  in- 

vasion ( p N + ) .  F r o m  1976 till 1977 Alkeran  was 

given to 13 patients. F r o m  1978 to 1979, C M F  

chemotherapy  was used in 21 patients. 

Statistical analysis 

Statistical analysis o f  local control  and survival re- 

sults was carried out  by the actuarial  life table 

method.  Compar i son  between actuarial  curves was 

done  by the log- rank  method.  Finally a stepwise 

regression analysis o f  the data  according to the 

multivariate hazard  model  o f  Cox [5] was done  in 

order  to determine characteristics related to local 
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Influence of  radiotherapy dose to the tumor bed 

Local recurrence was related to radiation dose. 

During the observed period, radiation schedules 

varied widely as well in total dose as in fraction size 

and treatment time (see Table II). Although we are 

aware of  the limitations of  the NSD concept, NSD 

values for the different treatment schedules were 

calculated, for analysis purposes, as there were 

some differences in overall treatment time and frac- 

tion size. In Table II we represent the fractionation 

schedule corresponding to the different NSD 
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Fig. 5. Local control related to surgery. 

groups. The actuarial 5 year probability of local 

control was 67.5% for doses of 1400-1600 ret, 

83.9% for 1600-1800 ret, 90.8% for 1800-2000 ret, 

96% for 2000-2200 ret and 100% for doses higher 

than 2200 ret. As considered by T stage a 100% 

local control was found in all To,T1 tumors which 

received more than 1800 ret (41 cases) and all T 2 

tumors which received more than 2000 ret (14 cases) 

(Fig. 4). The only case of  local recurrence in the 

group of  more than 2000 ret was a T3 tumor. 

Influence of  surgical technique 

The local control rate after segmentectomy or tu- 

morectomy was identical. A poorer  local control 

was found in 20 cases, treated with subtotal resec- 

tion (Fig. 5). Local control at 5 years was only 

79.8% instead of  90%. This difference was statis- 

tically significant (p = 0.04), even with increasing 

radiation doses. 

Multivariate analysis of  local recurrences 

A number of  variables (see Material and methods) 

were assessed for their influence on local control. 

After stepwise regression analysis [5], anatomo- 

pathological subtype, tumorlocalisation in the 

breast, and menopausal status were not  significant- 

ly correlated with local control and were not taken 

into account for the model. The correlation of  local 

control with N staging was highly significant (p = 

0.001). There was also a significant correlation for 

surgery (p = 0.007) and radiation dose (p = 0.01). 

P values for anatomopathological grading and T 

staging were 0.12 and 0.09 respectively. Age (log 

years) was only significantly correlated with local 

control when anatomopathological grading was not 

taken into account. So the influence of  age and his- 

tological differentiation may be interrelated. 

Discussion 

Survival 

Our survival results of 91% at 5 years and 85% at 

10 years for stage I, and of  79% at 5 years and 58% 

van Limbergen E, van den Bogaert W, van der Schueren E, Rijnders A. Tumor excision and 
radiotherapy as primary treatment of breast cancer. Analysis of patient and treatment 
parameters and local control. Radiother Oncol. 1987;8:1-9.
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Dose (Gy) 5y Local control (%)

< 60 93

60 - 70 96

> 70 99

IMPACT OF DOSE ESCALATION
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Fig. 3. Local control according to 6 groups of tumor dose (Gy). 
A = >80 Gy; * = >50-60 Gy; 0 = >70-80 Gy; 0 = >40-50 
Gy; •i = >60-70 Gy; A = ~40 Gy. 

Size group T fixation N fixation 

1: <4 cm No: 0 No: 0 

2: 4<6cm Yes: 1 Yes: 1 

3: 6<8cm 

4: 38 cm 

For example, a T3b tumor larger than 5 cm and N2 

presents an IR of 1.05 = (0.18 X 2) + 0.37 + 0.32 and 

the reference tumor (TI.-NoNI) of 0.18. 

The study of observed values of IR showed a normal 

curve distribution (m = 0.85 + u2 0.14) and they were 

divided in 5 groups as defined in Figure 6. Their prognostic 

value on local recurrence was considered highly significant 

(p < 10d6). This prognostic value is conserved after ad- 

justment by tumor dose (p < 10m6). 

In Figure 7, the effect of dose on each group of IR is 

shown. The thick line represents the overall dose effect as 

calculated by the multivariate analysis (p < 10m6). 

Table 5. Local recurrence risk and tumor dose 

Tumor 

dose 

(GY) n 

<40 24 

>40-50 104 

>_50-60 81 

>60-70 31 

>70-80 104 

>80 54 

Recurrence 

(obs) 

21 

78 

55 

17 

33 

13 

p < 10-6 

Recurrence Relative 

(est) risk 

7.32 2.87 

38.77 2.01 

44.60 1.23 

16.71 1.02 

69.24 0.48 

40.36 0.32 

n = number of patients; obs = observed; est = estimated; 

Relative risk = Recurrence (obs)/Recurrence (est). 

A\ 

T dose 

Fig. 4. Relative risk of local recurrence according to tumor (T) 

size (mm): 0; and tumor (T) dose (Gy): A. 

DISCUSSION 

The role of radiation therapy alone for breast cancer 

has decreased in the two participating centers. In fact, 

small tumors are treated by lumpectomy with or without 

radiotherapy.‘7’2’ Medical contraindications to surgery 

have been largely reduced in recent years, because of 

technical advances in anesthesia. Advanced cancers are 

often treated by a combination of chemotherapy and ra- 

diotherapy.20 

Some published data2v6q7,’ ‘*‘8,‘9*24 concerning tumor 

control-dose relationship in breast cancer are summarized 

in Figure 8. Tumor doses were expressed in TDF equiv- 

alent to a fractionation of 5 treatments of 2 Gy per week, 

according to the method of Orton and EllisI so are com- 

parable with this series. Two different types of curves can 

be distinguished: first, those concerning subclinical disease 

Table 6. Local control at 3 years according to tumor size and 

tumor dose 

Tumor 

dose 

(GY) <4 

Tumor size (cm) 

4<6 6<8 k8 

<40 - 

n= 1 

>40-50 (25%) 

n= 6 

> 50-60 (59%) 
n = 12 

>60-70 - 

n= 2 

>70-80 81% 

n = 25 

>80 ( 100%) 

n= 9 

(0%) 
n= 8 

24% 

n = 35 

46% 

n = 22 

- 

n= 6 

71% 

n = 37 

66% 

n = 16 

- 

n= 4 

5% 

n = 26 

36% 
n = 19 

28% 

n= 12 

61% 

n = 26 

79% 

n = 20 

(14%) 

n = 10 

0% 

n = 36 

17% 

n = 27 

(21%) 

n= 9 

36% 
n= 16 

(50%) 

n= 8 
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Fig. 5. Relative risk of local recurrence as studied by a multi- 

variate analysis (M.A.) according to tumor size (mm), tumor 

dose (Gy), tumor fixation, and nodal (N) fixation. 

after surgery and second, those concerning macroscopic 

disease in the breast. In the first case, doses of 40-50 Gy 

are sufficient to obtain a local control rate of approxi- 

mately 90% at 5 years. However, the same range of doses 

is related to a high loc,al recurrence rate (80-90% at 3 

years) when used for clinically obvious residual disease. 

Fig. 6. Local control rate according to five groups of “ individual 

risk” (IR) determined as follows: Group 1 (A): IR = 0.18; Group 

2 (0): IR = 0.19-0.54; Group 3 (Cl): IR = 0.55-0.90; Group 4 

(0): IR = 0.91-1.25; Group 5 (a): IR = >1.25. 

f/ A , 
I I I I I ) 

40 50 60 70 60 90 100 1 dose (Gy) 

Fig. 7. Relative risk of local recurrence according to 5 groups of 

individual risk (IR) and the tumor dose. The thick line represents 

the overall dose effect as calculated by the multivariate analysis 

(M.A.): A. Symbols by groups as in Fig. 6. 
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Fig. 8. Tumor (T) dose and local recurrence rate curves: Sub- 

clinical disease: 1) After lumpectomy (A): C: Clark’; S: Simon 

et a1.24; R: Rissanen”; A: Atkins et aL2 In fact, Sarrazin et aL2’ 

and Pierquin et al.‘2-‘8 report local recurrence rates at 5 years 

of 4% and 390, delivering doses of 66 Gy and 70 Gy, respectively. 

2) F (0): Fletcher data.”  Clinical disease: IGR-PMH data: 3) 

(0): recurrence at 3 years; 4) (0): recurrence at 5 years; and 5) 

(A) local recurrence and tumor dose relationship according to 

the multivariate analysis for a tumor larger than 5 cm, T3bN2 

(see text). Calle et al.? 6) (*) Local recurrence at 5 years for 

tumors < 5 cm; 7) (m) Local recurrence at 5 years for tumors > 

5 cm. 
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Letter to the Editor

Effect of radiation dose on local control in breast cancer

To the Editor

Antonini et al. [1] evaluated updated results of the large
EORTC trial testing the effect of an additional (boost) 16-Gy
dose in patients with breast cancer. These results confirm
the previous report [2] in terms of reduction of local recur-
rence by a half in terms of relative risk, and with a longer
follow-up the corresponding absolute gain with a lower
absolute effect on older patients as their baseline risk is
low.

In 1985, in a study [3] based on 463 patients with locally
advanced breast cancer, we showed by multivariate analysis
a linear dose–tumour control relationship according to the
following function:

Local recurrence relative risk ¼ 18:36" e#0:04746"DðGyÞ;

ðD : tumour doseÞ:

This model predicted that additional 15 Gy would
decrease twofold the relative local recurrence risk, in pa-
tients with subclinical disease, as shown in a synthesized
figure (Fig. 1). We also predicted that this effect on rel-
ative risk is independent of other clinical factors, such
as tumour size, nodal involvement, and age. Antonini
et al. confirmed in the EORTC trial that this reduction
was 0.52 by multivariate analysis. The validation of the
previous hypothesis was obtained by including more than

5000 patients, as in contrast with the Lyon trial [4] that
only included 1024 patients with an additional dose of
only 10 Gy.

Antonini et al. showed a larger absolute effect of the
additional dose in younger patients. This subpopulation
has a greater baseline risk of local recurrence. Even if
the additional dose gave a 5-year rate of around 10%,
with a longer follow-up the risk might reach 15–20% at
10–15 years [5]. This higher risk is a matter of concern
and trials evaluating the role of an additional dose of
10 Gy are ongoing. We can predict from Fig. 1 that the
additional relative reduction will be of about 30% and
probably associated with a higher risk of breast fibrosis.
One possibility to decrease this undesirable effect would
be to evaluate at the same time a preventive treatment
of fibrosis. TGF-b1 is a well-known fibrogenic growth fac-
tor involved in the development of fibrotic tissue
response. Recently, the connective tissue growth factor
(CTGF) is described as a downstream of TGF-b1 effector
and as an essential mediator of fibrotic maintenance
[6], particularly through the Rho kinase pathway [7].
Anti-fibrotic therapies are presently focused on targeting
CTGF by Rho inhibition especially with statins: the Rho
isoprenylation inhibition decreases CTGF and collagen
production and thus could prevent fibrosis development
[8].

Another issue is that to increase further the local dose
does not seem to solve the whole issue, as the authors sta-
ted that 56% of breast recurrences were outside the boosted
area.
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100% of ipsilateral breast recurrences originated from the 
vicinity of the original index lesion.3 Based on the analysis 
of dose-response curves, Van Limbergen4 reported that, 
above 50 Gy, an increase of 15 Gy would reduce the LR 
rate by a factor of 2. To date, three randomized trials have 
confi rmed that a boost dose of 10 to 16 Gy after 50-Gy WBI 
signifi cantly decreased the LR rate (Table 1).3,28–31 Patient 
age less than 50 years, close, microscopically positive or 
unknown surgical margins, and the presence of an extensive 
intraductal component (EIC) are generally accepted as 
absolute indications for boost irradiation.3,4 However, a 
controversy still exists regarding the optimal boost tech-
nique. Traditionally, LDR BT, electrons or photons have 
been used to deliver the boost dose to the tumor bed.2,28,31–37 
Later, HDR BT was also accepted as a safe alternative 
boost modality (Table 2).38–48 Only a few reports have com-
pared the outcome in patients treated with BT or external 
beam boost (Table 3).2,29,30,32,34–37,42,43,47,49,50 In the majority of 
these studies, similar local control and cosmetic results have 
been reported for women boosted either with interstitial 
implants or with electrons/photons. Recently, Knauerhase 
et al.47 reported that a median dose of 10 Gy HDR BT boost 
yielded a signifi cantly lower 10-year actuarial LR rate com-
pared to external beam boost (5.9% vs 12.5%; P = 0.023). 
In the European Organization for Research and Treatment 
of Cancer (EORTC) boost trial, the 10-year cumulative 
incidence of LR was 6.3% for the 1639 patients who received 
an electron boost, 5.3% in the 753 patients who received a 
photon boost, and only 3.7% in the 225 patients who had 

an interstitial LDR BT boost.50 The difference was not sig-
nifi cant (P = 0.13); however, the trial was not powered to 
detect the possible difference in local control between dif-
ferent boost modalities.

Based on these results, it seems that interstitial BT boost 
can be used in the conservative therapy of breast cancer 
with a low incidence of late side effects and with at least 
similar local tumor control to that achieved with percutane-
ous boost techniques. Furthermore, BT is preferable in 
some anatomical situations, especially in cases of deep-
seated tumor bed in large-volume breasts. Obviously, BT 
offers the practical advantage of more conformal treatment 
of small volumes to higher doses and lower doses to the 
skin.3–4 Van Limbergen4 compared dose distributions of 4.5- 
to 15-MeV electron boosts to different settings of interstitial 
implants. He found that, for target depths reaching beyond 
28 mm under the skin, interstitial implants had a ballistic 
advantage, delivering signifi cantly lower skin doses than 
electron beams. Thus, in addition to external beam boost 
modalities, multicatheter BT remains a standard treatment 
option to deliver an additional dose to the tumor bed after 
BCS and WBI.

Brachytherapy in the treatment of breast recurrences

In spite of adequate BCS and RT, the rate of ipsilateral 
breast tumor recurrence is approximately 10%.5,51,52 In 

Table 1. Results of randomized “boost versus no boost” trials

Clinical trial No. of 
patients

Technique Boost dose 
(Gy)

Median 
FUP
(years)

5-year LR 
Boost vs no 
boost (%)

10-year LR
Boost vs no 
boost (%)

P value

EORTC28 5318 EBI/LDR BT 15–16 10.8 4.3 vs 7.3 6.2 vs 10.2 <0.0001
HNIO3,29,30 627 ELE/HDR BT 12–16 5 6.3 vs 13.3 NR 0.0017
Lyon31 1024 ELE 10 3.3 3.6 vs 4.5 NR 0.044

EORTC, European Organisation for Research and Treatment of Cancer; HNIO, Hungarian National Institute of Oncology; FUP, follow-up 
period; LR, local recurrence; EBI, external beam irradiation (photons or electrons); ELE, electrons; LDR, low-dose-rate; HDR, high-dose-rate; 
BT, brachytherapy; NR, not reported

Table 2. Results of HDR brachytherapy boost series

Institution No. of 
patients

RT scheme (dose 
[Gy] × fraction no.)

Median FUP 
(years)

5-Year LR 
%

Annual 
LR %

Excellent/good 
cosmesis %

Barcelona38 294 2–2.5 × 8–11 5.8 9 (9-Year) 1.00 96
University Vienna39 274 7–12 × 1 8.7 3.9 (10-Year) 0.39 38
Brno40 215 8–12 × 1 5.8 1.5 0.30 73
Linz41 212 10 × 1 5.2 4.6 0.92 78
Saarbrücken42 202 12–15 × 1 >3 6.4a NA 85
TMH, Mumbai43 153 10 × 1 3 8 1.6 83
Valencia44 125 4.4 × 3 7 4.2 0.84 77
Paris45 108 5 × 2 3.75 5.1 1.02 63
HNIO, Budapest46 98 4–4.75 × 3; 8–10.35 × 1 6.25 4.5 0.90 57
University Rostock47 75 8–12 × 1 7.8 5.9 (10-Year) 0.59 NR
Virgina C. University48 18 2.5 × 6 4.2 0 0 67
All patients 1774  3–8.7 0–9 0–1.6 38–96

RT: radiotherapy; FUP: follow-up period; LR: local recurrence; HNIO: Hungarian National Institute of Oncology; TMH: Tata Memorial 
Hospital; NR: not reported; NA: not applicable
a Crude rate

Polgar C, Major T. Current status and perspectives of brachytherapy for 
breast cancer. Int J Clin Oncol. 2009;14:7-24.
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There was no statistically significant interaction between the
magnitude of the relative risk reduction and patients’ age (P ! .1). The
relative risk reduction was significant in all age groups. However, in
relation to the higher absolute risk in younger age groups, the observed
absolute risk reduction at 10 years seemed to be larger in the younger
patients: reduced from 23.9% to 13.5% in those age ! 40 years, from
12.5% to 8.7% in the 41- to 50-year age group, from 7.8% to 4.9% in
the 51- to 60-year age group, and from 7.3% to 3.8% in those older
than 60 years (Fig 3 and A2, online only).

Fibrosis
Fibrosis was scored on a 4-point scale by the treating physician as

follows: 1 " none, 2 " minor, 3 " moderate, and 4 " severe. The
boost dose significantly increased the worst reported grade of fibrosis
in both the whole breast and the boost area: the cumulative incidence
of severe fibrosis at 10 years was 4.4% (99% CI, 3.5% to 5.7%) with
boost versus 1.6% (99% CI, 1% to 2.3%) without boost (P# .0001; Fig

4). Moderate fibrosis was also more commonly observed in the boost
group, with a 10-year cumulative incidence of moderate to severe
fibrosis of 28.1% (99% CI, 27.6% to 28.6%) versus 13.2% (99% CI,
11.5% to 15.0%; P # .0001).

Distant Metastases, Breast Cancer Mortality,
and Survival

With the current follow-up, there was no statistically significant
difference in the cumulative risk of distant metastases between the two
groups, with 16.1% distant relapse at 10 years in both groups. The
cumulative incidence of second primary tumor in the contralateral
breast, or at other sites, also did not differ (P ! .1 for both groups).

In total, 522 and 521 patients died in the no boost and the boost
group, respectively. Survival at 10 years was 81.7% (99% CI, 79.5% to
83.7%) for both arms (Fig 5). There was also no difference between the
two groups with respect to breast cancer mortality (344 v 346 events),
overall incidence of breast cancer–related events, or disease-free sur-
vival (P ! .1).

Salvage Treatment for Recurrences in the
Ipsilateral Breast

Mastectomy was used as salvage treatment for local recurrence in
the ipsilateral breast in 352 patients (223 of 278 in the no boost group
and 129 of 165 in the boost group). Lumpectomy was the salvage
treatment in 42 patients (27 without boost and 15 with boost). The
salvage treatment in the remaining 43 patients (24 without boost and
19 with boost) was mainly systemic chemotherapy. No salvage treat-
ment was documented in two patients in the boost arm and four
patients in the no boost arm.

DISCUSSION

The 10-year results of this large trial of 5,318 early breast cancer
patients demonstrated that a boost dose of 16 Gy to the original tumor
bed significantly reduced the rate of local recurrence after BCT, with a
microscopically complete lumpectomy and 50 Gy whole-breast irra-
diation. The boost dose resulted in a relative reduction of the hazard of
local recurrence of 0.59. The results with 10 years of follow-up con-
firmed that younger patients are at an increased risk of local recur-
rence after BCT (Fig 1).12 An earlier multivariate analysis, based on
5-year follow-up, indicated young age as the most important prognos-
tic factor for local recurrence.24 Other studies similarly concluded that
young patients with early-stage breast cancer have a worse prognosis
than older patients, not only for local relapse but also for survival.25-30

Because of this, the largest absolute benefit of the boost in reducing the
10-year local recurrence rate was seen in young patients: the risk was
decreased from 23.9% to 13.5% (Fig 2). The first report of the trial
(with a 5-year follow-up) already established the benefit of the boost in
patients younger than age 50 years.12 With the present analysis after
10.8 years of follow-up, we also confirm a statistically significant re-
duction of the local recurrence rate in the older age groups. Although
the absolute difference in local recurrence rate is smaller in the older
patients than in the younger patients, it was similar in all age groups
older than age 40 years. Our conclusion that local control improves
with higher radiation doses is in line with the data of a smaller trial by
Romestaing et al,11 with a median follow-up of only 3.3 years,
which compared a boost dose of 10 Gy with no boost in patients
with early breast cancer. One might expect that with increased use

O N
≤ 35 34 154 127 101 88 75 56 25 6
35–40 53 295 252 221 189 167 127 56 13
40–50 140 1,334 1,201 1,058 936 840 574 271 62
50–60 119 1,803 1,646 1,496 1,347 1,191 798 351 64
> 60 97 1,732 1,579 1,404 1,259 1,093 739 324 63
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Fig 1. Cumulative incidence of recurrence of tumor in the ipsilateral breast after
50 Gy irradiation or 50 Gy irradiation and a boost by age. O, occurrences; N,
number of patients at risk.

O N
No boost 278 2,657 2,397 2,116 1,897 1,673 1,146 525 99 2
16 Gy 165 2,661 2,408 2,164 1,922 1,693 1,148 503 109 3
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Fig 2. Cumulative incidence of recurrence of tumor as first event in the
ipsilateral breast after 50 Gy whole-breast irradiation or 50 Gy whole-breast
irradiation and a boost of 16 Gy. HR, hazard ratio; O, occurrences; N, number of
patients at risk.
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Number needed to treat (NNT): number of patients who need 
to be treated in order to prevent one additional bad outcome 
(i.e. the number of patients that need to be treated for one to 
benefit compared with a control in a clinical trial)



Experimental 
group (E)

Control group 
(C)

Events (E) EE CE EE + CE

Non-events EN CN EN + CN

EE + EN CE + CN

Event rate (EER) = EE/EN 
Event rate (CER) = CE/CN 
Absolute risk reduction = EER - CER 
NNT = 1/Absolute risk reduction



Experimental 
group (E)

Control group 
(C)

Events (E) 165 278 443

Non-events 2496 2379 4875

2661 2657 5318

Event rate (EER) = 0.06610 
Event rate (CER) = 0.11685 
Absolute risk reduction = [-0.05075] 
NNT = 19 (@10y)

Bartelink H, Horiot JC, Poortmans PM 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;25:3259-3265.



CONTROVERSIAL ISSUES



DOSE-ESCALATION 
FOR CLOSE OR POSITIVE MARGINS



DOSE-ESCALATION 
BENEFICIAL

DOSE-ESCALATION 
NEUTRAL

 University of Pennsylvania


 Japanese overview


 Instituto Valenciano de Oncología


 University of Florence

 EORTC trial


 Fox Chase Cancer Center


 Tufts - New England Medical Center


 University of Maryland Medical Center



NEGATIVE 
MARGINS

CLOSE 
MARGINS

POSITIVE 
MARGINS COMMENTS

University of 
Pennsylvania 
{Solin et al., 1991}

>2mm; 60 Gy; 
5yRFS=75%

<2mm; 64 Gy; 
5yRFS=69%

65 Gy; 
5yRFS = 81%

Selected patients with 
focally positive or 
close microscopic 
pathology margins 
can be adequately 
treated

IVO 
{Guinot et al., 2007}

<2mm; HDR 4.4 Gy x 
3fr;5yLC = 95%, 9yLC 
= 76% 
2-5mm; 4.4 Gy x 3fr; 
5yLC = 100%, 9yLC = 
100%

HDR 4.4 Gy x 3fr; 
5yLC = 97%, 9yLC = 
92.6%

Breast can be 
preserved in women 
with high-risk breast 
cancer due to close or 
positive margins

University of Florence 
{Livi et al., 2013}

>5mm; 10 Gy; LR = 
1.8%

2-5mm; 16 Gy; LR = 
2.6%

<2mm or positive; 20 
Gy; LR = 2.3%

A margin-directed 
boost dose-escalation 
might reduce the 
negative impact of 
margins on early LR

STUDIES SHOWING BENEFIT FOR DOSE-ESCALATION 
IN CLOSE OR POSITIVE MARGINS



DOSE-ESCALATION 
IN YOUNG PATIENTS
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DOSE-ESCALATION AND TARGET MISSING
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AUTHOR ASSESMENT %MISS

Denham JW. IJRO 1988; 14: 399 Clinical vs. Rx-Clips 37%

Bedwinek J. IJRO 1993; 26: 675 Clinical vs. Rx-Clips 54%

Harrigton KJ. IJRO 1996; 34: 579 Clinical vs. Rx-Clips 68%

Sedlmayer F. IJRO 1996; 34: 1133 Clinical vs. Rx-Clips 52%

Regine WF. IJRO 1991; 20: 121 Clinical vs. CT-Clips 70%

Benda R. Cancer 2004; 97: 905 Clinical vs. CT-Clips D90 = 51% of PD

Machtay M. IJRO 1994; 30:43 CT 10-88%

DeBiose DA. IJRO 1997; 38:755 Clinical vs. US 87%

Ringash J. R&O 2004; 72: 61 US vs. Rx-Clips 7%

Rabinovitch R. IJRO 2000; 47: 313 US vs. Rx-Clips 55%

TUMOR BED ASSESSMENT AND TARGET MISS



Pre-plan Implant



 It is of critical importance to ensure that the intended dose is delivered to 
the high risk area, using a rational prescription system


 Retrospective studies and boost trials used to justify dose-escalation 
focused on the value of intended prescription doses, rather than on the 
method of dose prescription to the target volume


 New trials have to be considered in the future to assess the value of dose 
escalation including reliable methods for localizing target volume and rational 
prescription systems to assure good and reproducible target coverage



CONCLUSIONS



 A dose-response relationship exists in breast conserving therapy


 A dose-boost is recommended for the entire population


 Doses above 66 Gy need to be tested in randomized trials


Target definition and localization is critical to achieve local control



ACCELERATED PARTIAL BREAST 
IRRADIATION USING BRACHYTHERAPY 



WHOLE BREAST RT MAY NOT BE NEEDED 
IN APPROPRIATELY SELECTED PATIENTS



!
• Elderly patients not so likely to have LR (Milan randomized 
trials, EORTC trial)


• Recurrences away from tumor bed (‘elsewhere’ failures) are 
rare after lumpectomy alone or followed by whole breast RT (6 
randomized trials plus multiple retrospective BCT studies)


• Some pathological factors increase risk of LR



MILAN I-II-III RANDOMIZED TRIALS

PARTIAL BREAST IRRADIATION  
Local relapse according to age groups

< 45 46 - 55 > 55

Halsted 2.6 0.8 3.1

QuaRT 6.7 6.6 1.2

TumRT 12.9 15.8 8.9

Qua 23.8 10.6 5.7



Milan III, 12 years follow-up 

PARTIAL BREAST IRRADIATION  
Local relapse according to IQ



ELSEWHERE FAILURES - RANDOMIZED TRIALS
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PARTIAL BREAST IRRADIATION  
Local relapse according to IQ



BCLE, the proper tumor profile for PBI is defined as having no invasive carcinoma, 
DCIS and lymphatic emboli beyond 1 cm from the edge of the dominant mass

Faverly D, Hendriks J, Holland R. Breast carcinoma of limited extent. 
Cancer 2001; 91:647

Mammography: absence of 
calcifications or tumor density 

beyond the edge of index 
tumor
!

Pathology: 1 cm 
microscopically tumor free 
margin (outer rim of 2 cm)

Sensitivity: 89% (disease who 
have positive test) 
!

Positive predictive value: 89% 
(positive test who have 

disease)
!
False positive: 11% 

(erroneously suspected BCLE)

PARTIAL BREAST IRRADIATION  
Local relapse according to Path



VALIDATION OF THE MODEL

SELECTED CASES

Early breast cancer
!

Schnitt S et al JCO 1996

LR (4.7y FU) = 16%
!
Expected non-BCLE


(applying Faverly criteria)

15%

NON-SELECTED CASES

NSABP-06
!

Fisher R et al NEJM 1995

LR (5y FU) = 37%
!

Crude rate of non-BCLE 
(Faverly series)


47%

Faverly D, Hendriks J, Holland R. Breast carcinoma of limited extent. 
Cancer 2001; 91:647

PARTIAL BREAST IRRADIATION  
Local relapse according to Path



Breast cancer of limited extent


Age group


PBI may be defined as any scheme that delivers radiotherapy to 

the clinical target volume (CTV) over a short period of time


CTV is defined as the tumor bed plus 1-2 cm margin


Various techniques: BT, IORT, EBRT

PARTIAL BREAST IRRADIATION  
Definitions and indications









Courtesy Douglas Arthur, M.D.



Conform RT to cover 
lumpectomy cavity plus 1-2 
cm margin (Clinical Target 
Volume)

Sparing normal tissues 
(normal breast, skin, rib, heart)

Optimize cosmetic result 

Accelerated radiotherapy 
(increased tumoricidal effect?)

Dose-intensity 

PARTIAL BREAST IRRADIATION  
Quadrant brachytherapy: rationale







Improve documented underutilization of BCT 

Reduce time, cost and inconvenience of BCT 

Potentially reduce acute and chronic toxicity 

Improve QoL 

Eliminate scheduling problems with chemotherapy 

Potentially improve outcome? (reduce delays)

PARTIAL BREAST IRRADIATION  
Advantages over conventional treatment
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phase I–II studies supporting the use of APBI for selected early-
stage breast cancer patients, at least seven phase III trials
comparing different techniques of APBI to conventional WBI have
been initiated in the last decade in Europe, Canada and the USA
[36]. The 5-year results of these randomized trials are highly
awaited, but will be available only in the next 5–10 years for the
radiation oncology community. Although both American and Euro-
pean experts encouraged the use of APBI in the context of prospec-
tive phase III trials, during the past few years the concept of APBI
has been widely accepted by patients and treating physicians
and more than 30,000 patients have been treated outside clinical
trials worldwide [47]. Therefore, the Breast Cancer Working Group
of the Groupe Européen de Curiethérapie-European Society for
Therapeutic Radiology and Oncology (GEC-ESTRO) deemed it nec-
essary to give recommendations on patient selection criteria for
the use of APBI outside the context of prospective clinical trials.
Recommendations were based on available clinical evidence ob-
tained from prospective APBI studies with a minimum median fol-
low-up time of 4 years and clinical and pathological studies of
conventional breast-conserving therapy complemented by expert
opinion of the authors.

It is beyond the scope of this paper to give recommendations on
target definition, delineation or other technical issues of APBI
delivery. Although recommendations given here are probably valid
for emerging alternative techniques of APBI (e.g. 3-D external
beam RT, intraoperative RT, and intracavitary brachytherapy).
However it should be emphasized that the majority of available
long-term clinical evidence supporting the use of APBI have been
obtained from clinical trials using multicatheter interstitial brach-
ytherapy (BT). Therefore, the validity of the statements of this pa-
per may be limited to the multicatheter BT technique.

Material and methods

A systematic literature search was done on the PubMed data-
base using the keywords ‘‘partial-breast irradiation” and ‘‘APBI”.
This search was complemented by searches of reference lists of
articles and handsearching of relevant conference abstracts and
book chapters. The last search was done on July 31st, 2009. Using

this strategy, 340 articles were identified of which 191 were origi-
nal articles (excluding reviews (n = 110), editorials/letters (n = 34),
and case reports (n = 5). Among the 191 original articles, 75 were
isolated (excluding dosimetric/technical articles (n = 116)). Of
these, 3 randomized and 19 prospective non-randomized studies
with a minimummedian follow-up time of 4 years were identified.
The authors reviewed the published clinical evidence on APBI,
complemented by relevant clinical and pathological studies of
standard breast-conserving therapy and, through a series of per-
sonal communications, formulated the recommendations pre-
sented in this article.

Rationale for APBI

In the last two decades APBI using interstitial or intracavitary
implants, 3-D conformal external beam RT or intraoperative RT
has been intensively evaluated in prospective clinical trials as a
possible alternative to conventional WBI [9,33,36,45,48–50]. The
rationale for APBI is as uniformly reported that the majority of local
recurrences (LRs) occur in proximity to the tumour bed
[33,45,51,52]; less than 20% of LRs appear ‘‘elsewhere” in the
breast, and the absolute number of such failures is very low (e.g.
far less than 1% per year and similar to the rate of new contralateral
tumours) [3,4]. In addition, some elsewhere failures are diagnosed
as likely to be new primary breast cancer that arose after initial
therapy and hence would not have been prevented by WBI [44].

APBI is regarded as an attractive treatment approach that short-
ens the 5–7-week course of conventional postoperative RT to 4–
5 days [4,33,36,45]. The acceleration of RT is considered to
eliminate some of the disadvantages of the long treatment period,
especially for elderly patients, working women, and those who live
at a significant distance from the RT facility [33,36,45].

Clinical results of APBI using suboptimal patient selection

Several centers pioneered the use of different APBI regimens for
unselected patients in 1980s and early 1990s [10–13,16,20,
26,30,37]. However, results in all these early studies were poor,
with high LR rates exceeding 1% per year (Table 1). The high rates

Table 1
Results of APBI studies using suboptimal patient selection criteria with adequate (P4 years) follow-up.

Institution Technique Median FUP
(years)

LR% (n) Annual LR%
(n)

Comments on patient selection

Uzsoki hospital [37] MDR 12 24 (17 of 70) 2 Max. tumour size: 5 cm; 100% unknown
margins; 30% unknown pathological axillary status (pNx); 4% node
positive; 10% lobular ca.;
multifocal tumours, LVI and EIC allowed; no patient age limitation

Christie hospitala [20] EBI 8 20 (69 of 353) 2.5 Max. tumour size: 4 cm; 100% unknown margins; no surgical axillary
staging; lobular ca., LVI and EIC allowed; no patient age limitation

Cookridge hospitala [11] EBI 8 12 (10 of 84) 1.5 Max. tumour size: 4.5 cm; 41% node positive; lobular ca., LVI and EIC
allowed; no patient age limitation

London Reg. Ca. C. [30] HDR 7.6 15 (6 of 39) 2 Max. tumour size: 4.5 cm; 31% closemargins; 15% node positive; 5% pNx;
8% EIC pos.; no patient age limitation

Tufts university [16] HDR 7 9.1 (3 of 33) 1.30 45% Close margins; 9% node positive; 55% EIC pos.; no patient age
limitation

Guy’s hospital I [12] LDR 6 37 (10 of 27) 6.2 Max. tumour size >4 cm; 56% positive margins; 44% node positive,
41% EIC positive; lobular ca. and LVI allowed; patient age >40 years

Guy’s hospital II [13] MDR 6.3 18 (9 of 49) 2.9 Max. tumour size: 4 cm; 43% positive margins; 45% node positive;
14% lobular ca., LVI and EIC allowed, no patient age limitation

Osaka Med. center [26] HDR 4.3 5.0 (1 of 20) 1.15 15% Positive margins; 35% EIC pos.; 5% lobular ca.; 10% DCIS;
no patient age limitation (25% with age 645 years)

Florence hospital [10] LDR 4.2 6 (7 of 115) 1.4 Max. tumour size: 5 cm;8%positive and7%unknownmargins; 38%node
positive; 20% lobular ca.; LVI and EIC allowed, no patient age limitation

All patients 4.2–12 17 (132 of 790) 1.15–6.2

APBI = accelerated partial-breast irradiation; FUP = follow-up period; LR = local recurrence; EIC = extensive intraductal carcinoma; LVI = lympho-vascular invasion;
EBI = external beam irradiation; MDR = medium-dose rate; LDR = low-dose-rate; HDR = high-dose-rate.

a Randomized trial.

C. Polgár et al. / Radiotherapy and Oncology 94 (2010) 264–273 265
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of local failure seen in these early APBI studies reflect inadequate
patient selection criteria and/or suboptimal treatment technique
and lack of appropriate QA procedures [53,54]. Hence, a large
amount of the patients treated in these studies would not be con-
sidered eligible for breast-conserving therapy today. Therefore,
the results of these early clinical trials cannot be used to disparage
the concept of APBI, if performed with appropriate technique and
stringent patient selection.

Clinical results of APBI using strict patient selection criteria for
low-risk early breast cancer

Based on the controversial results of earlier studies, several
groups designed APBI trial protocols incorporating more strict pa-
tient selection criteria including only low-risk early breast cancer
and systematic QA procedures [33,36,45]. As a result, the outcomes
of these studies have been improved considerably (Table 2)
[5,7,9,14,15,17,19,25,28,29,31–36,38,41,44]. Long-term results of

these trials proved similar efficacy of APBI in preventing LR to
those achieved in other breast-conserving series using conven-
tional WBI. It is to be noted that consequently low rate of LR has
been reported (e.g. far less than 1% per year) in all contemporary
series cited in Table 2. Furthermore, good to excellent cosmetic
results in all studies but one have been reported in the range of
75–99% using multicatheter interstitial BT [5,7,9,14,17,19,25,28,29,
31–36,38,41,44].

Based on the encouraging results of these phase I–II APBI trials,
seven prospective phase III clinical trials have been activated to
compare the efficacy of APBI to conventional WBI [36]. Among
these, the 5-year results of the Hungarian single-institution ran-
domized APBI study were reported in 2007 [34]. In this trial, 258
patients had been randomized to receive either 50 Gy WBI
(n = 130) or partial-breast irradiation (PBI, n = 128). The latter con-
sisted of either 36.4 Gy (given over 4 days using seven fractions of
5.2 Gy each) with high-dose-rate (HDR) multicatheter BT (n = 88)
or limited-field electron beam (EB) irradiation (n = 40) giving a
dose of 50 Gy in 25 fractions over 5 weeks. In the most recent

Table 2
Results of APBI studies using stringent patient selection criteria with adequate (P4 years) follow-up.

Institution/study Technique Median FUP
(years)

LR% (n) Annual
LR%

Comments on patient selection

HNIO, Budapest I
[32,33,35,36]

HDR 11.1 8.9 (4 of 45) 0.80 Max. tumour size: 2 cm; clear margins; unifocal tumour;
grade I–II; pN0 or pN1mi; no patient age limitation.
Excluded: lobular ca., DCIS and EIC

WBH, Michigan [5,44] LDR/HDR 9.7 5.0 (10 of 199) 0.52 Max. tumour size: 3 cm;
marginsP 2 mm; pN0; patient age >40 years.
Excluded: lobular ca., DCIS, and EIC

Örebro Med. Centre [15] PDR 7.2 5.9 (3 of 51) 0.83 Max. tumour size: 4.2 cm; clear margins; unifocal tumour;
12% node pos. (1–3 nodes); 8% lobular ca.; patient ageP 40 years.
Excluded: DCIS and EIC

RTOG 95–17 [7] LDR/HDR 7 6.1 (6 of 99) 0.91 Max. tumour size: 3 cm; clear margins; unicentric tumour;
20% node positive (1–3 pos. nodes without ECE);
no patient age limitation.
Excluded: lobular ca., DCIS, and EIC

HNIO, Budapest IIa

[33–36]
HDR/EBI 6.8 4.7 (6 of 128) 0.69 Max. tumour size: 2 cm; marginsP 2 mm; unifocal tumour;

grade I–II; pN0 or pN1mi; patient age >40 years.
Excluded: lobular ca., DCIS, and EIC

Ochsner clinic [17] LDR/HDR 6.25 2 (1 of 51) 0.32 Max. tumour size: 4 cm; clear margins; unicentric tumour;
18% node positive (1–3 nodes); 10% DCIS; 14% EIC; no patient age
limitation

Ninewells hospital [38] LDR 5.6 0 (0 of 11) 0 Max. tumour size: 3.5 cm; unifocal tumour, pN0 or pN1a
(only 1 pt. node pos.); patient age >40 years.
Excluded: lobular ca., DCIS, and EIC

Germany–Austria
[28,41]

PDR/HDR 5.25 2.9 (8 of 274) 0.55 Max. tumour size: 3 cm; margins P2 mm; unifocal tumour;
grade I–II; pN0 or pN1mi; ER or PgR pos.; 16% lobular
ca.; patient age >35 years.
Excluded: DCIS, EIC and LVI

FDA Trial, USA [9] MammoSite 5.2 0 (0 of 43) 0 Max. tumour size: 2 cm; clear margins; unifocal tumour;
pN0; patient age P45 years.
Excluded: lobular ca., DCIS, and EIC

Kiel-HNIO [25,36] MammoSite 5 0 (0 of 11) 0 Max. tumour size: 2 cm; margins P5 mm; unifocal tumour;
grade I–II; pN0; ER or PgR pos.; patient age P60 years.
Excluded: lobular ca., DCIS, EIC and LVI

University Navarra [14] HDR 4.4 3.8 (1 of 26) 0.86 Max. tumour size: 3 cm; margins P2 mm; unicentric
tumour; pN0; no patient age limitation
Excluded: lobular ca., DCIS, and EIC

Wisconsin university
[29]

HDR/
MammoSite

4 2.9 (8 of 273) 0.72 Max. tumour size: 3 cm; marginsP 2 mm; unicentric
tumour; 7% node positive (1–3 nodes without ECE); 13% DCIS; no
patient age limitation.
Excluded: lobular ca. and EIC.

Kansas university [19] LDR 4 0 (0 of 25) 0 Max. tumour size: 2 cm; clear margins; grade I–II, pN0;
12% (classical) lobular ca.; patient age P60 years.
Excluded: non-classical lobular ca., DCIS and EIC

All patients 4–11.1 3.8 (47 of 1236) 0–0.91

APBI = accelerated partial-breast irradiation; FUP = follow-up period; LR = local recurrence; EIC = extensive intraductal carcinoma; LVI = lympho-vascular invasion;
DCIS = ductal carcinoma in situ; ECE = extracapsular extension; ER = estrogen receptor; PgR = progesterone receptor; LDR = low-dose-rate; HDR = high-dose-rate;
EBI = external beam irradiation; FDA = food and drug administration; HNIO = Hungarian National Institute of Oncology; RTOG = Radiation Therapy Oncology Group;
WBH =William Beaumont hospital.

a Randomized trial.
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a b s t r a c t

New strategies for adjuvant radiotherapy of early breast cancer are being investigated in several phase III
randomised trials at the present time. Accelerated partial breast irradiation (APBI) is a way to offer an
early breast cancer patient, who has had breast conservative surgery, an adjuvant radiotherapy of short
duration aimed at the tumour bed with a certain margin. The rationale of this strategy is that most local
recurrences appear close to the tumorectomy cavity and a wish to spare the patient late radiation mor-
bidity. This review discusses the background for APBI, the different techniques, and we highlight possible
pitfalls using these techniques. A systematic overview of all phase I and II studies is provided. Patient
selection for this therapy is pivotal and based on evidence from previous studies on patient/tumour char-
acteristics and pattern of local recurrences we propose inclusion criteria for patients in APBI protocols.

! 2008 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology xxx (2008) xxx–xxx

The standard of care for adjuvant therapy of early breast car-
cinoma includes whole breast irradiation in case a breast con-
serving strategy is applicable. The purpose of the irradiation is
to minimise the risk of local failure and thus ultimately improve
disease-specific survival without causing side effects to the heart
or lungs or impede cosmesis. This strategy includes irradiating
the mammary gland and in node-positive patients also loco-re-
gional lymph nodes with doses around 50 Gray in 25 fractions
delivered as daily treatment 5 days per week for 5–6 weeks.
Several large trials have demonstrated this as a safe procedure
with local failure rates of 0.5–1% per year of follow-up and
acceptable side effects and cosmesis [1–3]. The latest Early
Breast Cancer Trialists Collaborative Group (EBCTCG) systematic
review confirmed a 75% reduction in local recurrence risk after
radiotherapy, and showed that the prevention of 4 local recur-
rences prevents 1 cancer-related death at 10 years, correspond-
ing to 1–5 fewer deaths per 100 node-negative patients and 5–
10 fewer deaths per 100 node-positive patients treated [2]. A
dose–response relationship has also been demonstrated in the
‘‘EORTC 22881–10882 boost versus no boost trial” where signif-
icantly fewer local failures were seen among young patients (<50
years) who received an additional boost of 16 Gray in 8 fractions
to the tumor bed [4]. Lately this significant effect has also been
demonstrated in patients > 50 years with longer follow-up, the

overall hazard ratio being 0.59 (95% CI, 0.46–0.76) in favour of
boost, however, the absolute risk reduction is most pronounced
among women <50 years [5]. The cosmetic result from whole
breast irradiation using 50 Gy/25 fractions has been reported
acceptable with a relatively low frequence of fibrosis. For exam-
ple in the ‘‘boost versus no boost trial” cosmesis was systemat-
ically investigated and after 10 years the cumulative incidence of
severe fibrosis was 4.4% (99% CI, 3.5–5.7%) in patients treated
with 50 Gy/25 fractions combined with a boost of 16 Gy/8 frac-
tions versus 1.6% (99% CI, 1–2.3%) in patients treated without
boost. For moderate fibrosis the corresponding figures were
28.1% (99% CI, 27.6–28.6) with boost versus 13.2% (99% CI, 11–
15.0%) without boost [5].

During the last decade an alternative to the well-documented
whole breast irradiation has been investigated, the so-called accel-
erated partial breast irradiation (APBI) where only a limited vol-
ume of the mammary gland is irradiated with a high dose in 1 to
10 fractions delivered in up to 5 days.

Objectives

This report contains a systematic search for articles
describing studies on partial breast irradiation with the aim
to collect all reports where early (i.e., operable) breast cancer
patients have been treated with this approach, i.e., phase I
and II studies. Furthermore, we review the background and
rationale for APBI, treatment techniques used, and radiobiolog-
ical aspects.

0167-8140/$ - see front matter ! 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.radonc.2008.08.005

* Corresponding author. Department of Oncology, Aarhus University Hospital,
Nørrebrogade 44, bld. 5, DK-8000 Aarhus C, Denmark.

E-mail address: bvo@oncology.dk (B.V. Offersen).

Radiotherapy and Oncology xxx (2008) xxx–xxx

Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal .com

ARTICLE IN PRESS

Please cite this article in press as: Offersen BV et al., Accelerated partial breast irradiation as part of breast conserving therapy of ..., Radio-
ther Oncol (2008), doi:10.1016/j.radonc.2008.08.005



CONSENSUS STATEMENT
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Purpose: To present guidance for patients and physicians regarding the use of accelerated partial-breast irradia-
tion (APBI), based on current published evidence complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database yielded 645
candidate original research articles potentially applicable to APBI. Of these, 4 randomized trials and 38 prospec-
tive single-arm studies were identified. ATask Force composed of all authors synthesized the published evidence
and, through a series of meetings, reached consensus regarding the recommendations contained herein.
Results: The Task Force proposed three patient groups: (1) a ‘‘suitable’’ group, for whomAPBI outside of a clinical
trial is acceptable, (2) a ‘‘cautionary’’ group, for whom caution and concern should be applied when considering
APBI outside of a clinical trial, and (3) an ‘‘unsuitable’’ group, for whom APBI outside of a clinical trial is not gen-
erally considered warranted. Patients who choose treatment with APBI should be informed that whole-breast
irradiation (WBI) is an established treatment with a much longer track record that has documented long-term
effectiveness and safety.
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FACTORS SUITABLE CAUTIONARY UNSUITABLE

PATIENT

FACTORS

Age ≥ 60 50 - 59 ≤ 50

BCRA1/2 mutation Not present Present

PATHOLOGIC

FACTORS

Tumor size ≤ 20mm 21 - 30mm ≥ 30mm

T stage T1 T1 - T2 T3 - T4

Margins Negative (≥ 2mm) Close (≤ 2mm) Positive

Grade Any

LVSI No Limited/Focal Extensive

ER status Positive Negative

Multicentricity Unicentric only Present

Multifocality Clinically unifocal ≤ 20mm Clinically unifocal 21 - 
30mm

Clinically multifocal or 
microscopically > 30mm

Histology Ductal invasive, mucinous, 
tubular, colloid

Invasive lobular

Pure DCIS Not allowed ≤ 30mm > 30mm

EIC Not allowed ≤ 30mm > 30mm

Associated LCSI Allowed

NODAL

FACTORS

N stage pN0 (i-, i+) pN1, pN2, pN3

Nodal surgery SNBx, ALND None performed

TREATMENT FACT. Neoadjuvant CT Not allowed If used

{Smith et al., 2009, Int J Radiat Oncol Biol Phys, 74, 987-1001}
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a b s t r a c t

Purpose: To give recommendations on patient selection criteria for the use of accelerated partial-breast
irradiation (APBI) based on available clinical evidence complemented by expert opinion.
Methods and materials: Overall, 340 articles were identified by a systematic search of the PubMed data-
base using the keywords ‘‘partial-breast irradiation” and ‘‘APBI”. This search was complemented by
searches of reference lists of articles and handsearching of relevant conference abstracts and book chap-
ters. Of these, 3 randomized and 19 prospective non-randomized studies with a minimum median fol-
low-up time of 4 years were identified. The authors reviewed the published clinical evidence on APBI,
complemented by relevant clinical and pathological studies of standard breast-conserving therapy and,
through a series of personal communications, formulated the recommendations presented in this article.
Results: The GEC-ESTRO Breast Cancer Working Group recommends three categories guiding patient
selection for APBI: (1) a low-risk group for whom APBI outside the context of a clinical trial is an accept-
able treatment option; including patients ageing at least 50 years with unicentric, unifocal, pT1–2
(630 mm) pN0, non-lobular invasive breast cancer without the presence of an extensive intraductal com-
ponent (EIC) and lympho-vascular invasion (LVI) and with negative surgical margins of at least 2 mm, (2)
a high-risk group, for whom APBI is considered contraindicated; including patients ageing 640 years;
having positive margins, and/or multicentric or large (>30 mm) tumours, and/or EIC positive or LVI posi-
tive tumours, and/or 4 or more positive lymph nodes or unknown axillary status (pNx), and (3) an inter-
mediate-risk group, for whom APBI is considered acceptable only in the context of prospective clinical
trials.
Conclusions: These recommendations will provide a clinical guidance regarding the use of APBI outside
the context of a clinical trial before large-scale randomized clinical trial outcome data become available.
Furthermore they should promote further clinical research focusing on controversial issues in the treat-
ment of early-stage breast carcinoma.

! 2010 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 94 (2010) 264–273

Over the last three decades, breast-conserving surgery (BCS) fol-
lowed by whole-breast irradiation (WBI) consisting of 5 weeks of
daily external beam radiotherapy (RT) with or without additional
irradiation to the tumour bed became the standard of care for

the treatment of early-stage breast carcinoma [1–4]. However,
the necessity of giving WBI for all patients after BCS has been ques-
tioned, and several centers have evaluated the feasibility and effi-
cacy of accelerated partial-breast irradiation (APBI) [5–46]. The
results of these clinical trials showed that APBI with proper patient
selection and quality assurance (QA) yields similar results to those
achieved with standard WBI [5,7,9,14,15,17,19,25,28,29,31–
36,38,41,44–46]. Parallel with the growing evidence obtained from

0167-8140/$ - see front matter ! 2010 Elsevier Ireland Ltd. All rights reserved.
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FACTORS LOW RISK INTERMEDIATE RISK HIGH RISK

PATIENT

FACTORS Age ≥ 50 40 - 50 ≤ 40

PATHOLOGIC

FACTORS

Tumor size ≤ 30mm ≤ 30mm ≥ 30mm

T stage T1 - T2 T1 - T2 (≤ 30mm) T2 (> 30mm), T3, T4

Margins Negative (≥ 2mm) Close (≤ 2mm) Positive

Grade Any Any

LVSI Not allowed Not allowed Present

ER status Any Any

Multicentricity Unicentric only Unicentric only Multicentric

Multifocality Unifocal Multifocal ≤ 20mm index 
lesion

Multifocal ≥ 20mm index 
lesion

Histology Ductal invasive, mucinous, 
tubular, colloid Invasive lobular

Pure DCIS Not allowed Allowed Allowed

EIC Not allowed Not allowed Allowed

Associated LCSI Allowed Allowed

NODAL

FACTORS

N stage pN0 pN1mi, pN1a (ALND) pNx, ≥pN2a (≥4poitive 
nodes)

Nodal surgery SNBx, ALND None performed

TREATMENT FACT. Neoadjuvant CT Not allowed Not allowed If used

{Polgar et al., 2010, Radiother Oncol, 94, 264-73}



CONCLUSIONS



Patient indication: proper patient selection is critical to the 
successful application of PBI. Patients who may harbor disease a 
significant distance from the edge of the resection cavity or 
potentially have multicentric disease should not be treated with 
PBI (Vicini 2003)


!
Treatment technique: basic underlying principle of PBI is to 
providing and documenting the delivery of a tumoricidal dose of 
RT to the CTV, considered as the tumor bed plus a 1-2 cm margin

PARTIAL BREAST IRRADIATION  
Sources of error



Making no mistakes is what establishes the 

certainty of victory, for it means conquering an 

enemy that is already defeated.


 

Sun Tzu. The Art of War


