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Abstract
Breast conservation surgery followed by external beam radiotherapy to breast has become the standard of care in
management of early carcinoma breast. A boost to the tumour bed after whole breast radiotherapy is employed in view of the
pattern of tumour bed recurrences in the index quadrant and was particularly considered in patients with some adverse
histopathological characteristics such as positive margins, extensive intraductal carcinoma (EIC), lymphovascular invasion
(LVI), etc. There is however, now, a conclusive evidence of improvement in local control rates after a boost radiotherapy
dose in patients even without such factors and for all age groups. The maximum absolute reduction of local recurrences by
the addition of boost is especially seen in young premenopausal patients. At the same time, the addition of boost is
associated with increased risk of worsening of cosmesis and no clear cut survival advantage. Radiological modalities such as
fluoroscopy, ultrasound and CT scan have aided in accurate delineation of tumour bed with increasing efficacy. A
widespread application of these techniques might ultimately translate into improved local control with minimal cosmetic
deficit. The present article discusses the role of radiotherapy boost and the means to delineate and deliver the same, identify
the high risk group, optimal technique and the doses and fractionations to be used. It also discusses the extent of adverse
cosmetic outcome after boost delivery, means to minimise it and relevance of tumour bed in present day scenario of
advanced radiotherapy delivery techniques like Intensity modulated radiation therapy (IMRT).

Breast conserving therapy (BCT) consisting of

conserving surgery involving local excision of the

lump with margin followed by whole breast external

beam radiotherapy is the standard management for

operable breast cancer. The success of this approach

is based on level 1 evidence as per well conducted

large randomised data comparing breast conserving

surgery and local radiotherapy versus mastectomy

[1�5]. Randomised trials have also conclusively

proven the role of radiotherapy to the breast after

conservative surgery, as the local recurrences were

unacceptably high, when radiotherapy was omitted

in patients undergoing surgery alone [2,4,6,7]. The

conventional technique of radiotherapy after Breast

conserving surgery (BCS) involves irradiation to the

whole breast to a dose of 45 to 50 Gy followed by a

tumour bed boost of 10�20 Gy. The concept of

tumour bed boost originated from the observation

that the vast majority of ipsilateral breast tumour

recurrences arose in the vicinity of the original index

lesion. At the same time, some authors argued that

the radiotherapy boost was not critical to achieve

adequate local control, if the tumour resection

margins were free of cancer [8]. The controversy

regarding the role of tumour bed boost has now more

or less been resolved by the European Organization

for Research and Treatment for Cancer (EORTC)

randomised trial, which demonstrated significantly

improved local control with the addition of tumour

bed boost irradiation in all age groups with greater

absolute reduction of local recurrences in the younger

cohort of patients [9�11]. Additional tumour bed

boost however did result in worse cosmesis than

patients who did not receive the boost [11,12].

Therefore, while a level I evidence favouring the

administration of a boost does exist; this has to be

tempered with the recognition of a possible worse

cosmetic outcome [12], perhaps an equally important

endpoint of the success of breast conserving therapy

(BCT) programme. Other issues important from

routine clinical practice point of view include the

choice of optimal boost technique, target volume
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delineation, total boost dose and the optimal methods

of evaluation of cosmetic outcome. Other reviews

in the literature have tended to focus on some of

these aspects [13�15]. In this review, we present

comprehensively the available evidence to address all

of the above issues and suggest most optimal evidence

based guidelines for the each of them.

Rationale for radiotherapy boost

Recurrence patterns

Role of radiotherapy after breast conserving surgery

(BCS) has been well established following results of

various randomised trials showing considerably

higher local recurrence rates in patients who did

not receive radiotherapy [2,4,6,7].

Ipsilateral breast tumour recurrence (IBTR) in the

tumour bed and at margins has been found to be as

high as 50�60% of all local recurrences in various

studies [16�23]. The recurrence patterns in these

studies clearly indicate high rates of local recurrences

in the area close to primary tumour and index

quadrant. In the NSABP-06 trial, at a follow-up of

25 years the cumulative incidence of IBTR was

39.3% in lumpectomy alone arm and 14.2% in

patients who received postoperative radiotherapy

[2]. Ninety five percent of these patients were found

to develop IBTR at or close to the same quadrant as

the index cancers [16]. In the EORTC boost vs. no

boost trial [11], local recurrence was the first event

in 5.9% of the patients in the standard-treatment

group and 3.3% of those in the additional-radiation

boost group. Forty seven percent of these local

recurrences occurred in the primary tumour bed,

9% in the scar, and 29% outside the area of the

original tumour, and 27% were diffuse throughout

the breast at a median follow-up of 5.1 years.

The significantly higher number of patients devel-

oping recurrences within or close to index quadrant in

National Surgical Adjuvant Breast Project (NSABP)

trial can be suitably explained by the patient groups:

total mastectomy, lumpectomy alone, and lumpect-

omy with post operative radiotherapy. While two

thirds of the patient cohort did not receive any

radiotherapy irrespective of nodal status, those receiv-

ing post lumpectomy radiotherapy did not receive any

radiotherapy boost. In this trial, there was no sig-

nificant difference among all three groups of patients

in terms of overall survival, disease free survival and

distant disease free survival. But the authors have

reported a significant benefit in all these three para-

meters in node negative subgroup of patients, in total

mastectomy and lumpectomy plus postoperative

radiotherapy cohort of patients over patients who

underwent lumpectomy alone [2]. A considerable

reduction in IBTR close to or within index quadrant

in EORTC trial can be explained by postoperative

radiotherapy in both the arms to a dose of 50 Gy to

whole breast, which may be considered to be sufficient

for most of microscopic subclinical disease not only in

the index quadrant but also throughout the breast.

This fact is clearly evident from the overall local

recurrence rates in both the studies (27% in NSABP-

06 and 5.4% in EORTC trial).

Another important conclusion made in NSABP-06

trial was that in 73% of patients who underwent

lumpectomy alone developed adverse event within

first 5 years, while in patients who received radio-

therapy only one third of the patients had any event

within first 5 years, i.e. radiotherapy not only de-

creases the incidence of events but also delays them.

Clinical basis

Irradiation of the breast forms an integral part of

successful management in BCT protocols. Omission

of radiotherapy after BCS resulted in significantly

more incidence of locoregional relapse and a com-

promise in overall survival [1�4].

On the other hand, there were few studies which

showed no difference in outcome when boost to the

tumour bed was not employed [8]. This warranted

testing in a randomized fashion and a few studies

demonstrated an advantage of boost.

However, all these studies involved relatively small

number of patients and though they elicited a

statistically significant outcome, a large level I

evidence was still needed to establish a clinical

guideline. The landmark study, was the EORTC

trial [9,11], which was initiated in 1989, closed

accrual in 1996 and was powered to detect 5%

improvement in 10 year survival with 90% prob-

ability in the two arms with endpoints being local

control and time to event (disease free survival). A

total of 5 569 patients, with stage I and II cancers,

after lumpectomy and axillary dissection, microsco-

pically negative margins, received 50 Gy to the

whole breast postoperatively. Patients were then

randomly assigned to either receive no further local

treatment (2 657 patients) or an additional 16 Gy to

the tumour bed (2 661 patients). The boost was

given to the tumour bed and a 1.5 cm margin, by

either Co60, 4�6 MV photons, electrons or inter-

stitial brachytherapy. At 10 years, actuarial local

recurrence rates for no boost arm were 10.2% and in

the boost arm was 6.2% (pB0.0001). This was the

largest randomised study, which conclusively

showed that an addition of radiotherapy boost to

tumour bed does increase local control rates in all

groups of patients though survival was not signifi-

cantly affected. All randomised trials which have
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shown benefit of role of radiotherapy boost are

summarised in Table I.

Pathological basis

Although multicentricity has been regarded as hall-

mark of carcinoma breast, residual tumour foci have

been shown in high density in 1�2 cm in around

20�25% of patients/histopathological specimens

[30,31]. Still, multicentric foci (MCF) have been

found in a large number of patients ranging from

43�79%, well beyond the reference tumour and

index quadrant [30�32]. The results are sum-

marised in Table II.

These pathological findings when correlated with

clinical results of more than two-thirds of local

recurrences being in the index quadrant indicate

that probably, early local recurrences do not arise

from microscopic MCF [32]. This hypotheses was

further supported in various other studies too, which

showed high rates of ipsilateral breast tumour

recurrence, not only close to or in the index

quadrant but also elsewhere [9,16�22]. Vicini

et al [31] studied the pathology specimen which

was microscopically examined and consisted of only

the tumour bed and adjacent breast and at most

index quadrant as it was conducted to find appro-

priate margins to tumour bed to define CTV for

localised irradiation as practised in accelerated

partial breast irradiation (APBI). So, it is possible

that the MCF present in the remaining breast tissue

might have been missed. Hence, very high percen-

tage of microscopic foci within the index quadrant

(55%) in this study might be misleading.

Pathological analyses in general indicate that

microscopic MCF have been seen in the whole

breast. Most pathologists believe that the local

recurrences are primarily due to the inherent biolo-

gical property of carcinomas of breast rather

than widespread multicentric microscopic deposits

[14,30,32]. Hence an extra radiotherapy boost to the

index quadrant has been suggested to achieve better

local control and survival.

Delineation of tumour bed/boost volume

Accurate delineation of the target volume is of utmost

importance while delivering tumour bed boost with

external beam radiotherapy. Different institutions

use different methods for delineation of the tumour

bed. Clinical history and patients’ recollection of

tumour position, clinical photographs, tattoos, surgi-

cal scar, mammography, surgical clips, ultrasonogra-

phy, Computerized tomography (CT) scan and

Magnetic resonance imaging (MRI) are the com-

monly utilized techniques. Many a times, a combina-

tion of one or more of these techniques is considered

while delineating the tumour bed boost.

Amongst all the randomised trials assessing role of

radiotherapy boost, surgical clips were used in all

patients for assessing boost volume only in the

Budapest trial. In other studies, the boost volumes

were usually defined on clinical and surgical details.

It was hypothesized that increasing differences

between local failure rates in whole breast radio-

therapy (WBRT) arm versus WBRT� boost arm in

Lyon trial (4.5% vs. 3.6%) (24), EORTC trial

(10.2% vs. 6.2%) [9,11] and Budapest trial (15.5%

vs. 6.7%) [26,27] may well have been due to the

different techniques of tumour bed delineation as

the difference in boost doses between all these trials

were not significantly different. Hence an accurate

delineation of tumour bed is important as it may

translate into improved local control rates.

Table I. Dose fractionations used in various prospective randomized studies of boost versus no boost.

Trial

Number of

patients

EBRT

(dose/ fraction)

Boost

(dose/ fraction) LR (%)

Median

Follow-up (year)

Bartelink et al. [11] 2 657 46�50Gy/25 fr � 10.2 10

2 661 50 Gy/25 fr 16 Gy/8 fr 6.2

Romestaing et al. [24] 503 47�50 Gy/20 fr � 4.5 3.3

521 50 Gy/20 fr 10 Gy/4 fr 3.6

Teissier et al. [25] 327 48�50 Gy/25 fr � 6.8 6.1

337 50 Gy/25 fr 10 Gy/5 fr 4.3

Polgar et al. [26,27] 103 49�50 Gy/25 fr � 15.5 5.3

104 50 Gy/25 fr 12�16Gy/3�8 fr 6.7

Graham et al. [28]* 674 50 Gy/25 fr � NR NR

674 45 Gy/25 fr � NR

Nagykalnai et al. [29] 55 50 Gy/25 fr � 10.7 3.8

56 50 Gy/25 fr 10 Gy HDR/20 Gy

LDR

5.4

*The results haven’t been reported as yet. Only early quality of life results have been reported.

EBRT: external beam radiation therapy; LR: local recurrence; fr: fractions; HDR: high dose rate; LDR: low dose rate; NR: not recorded.
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Clinically defined

In the institutions not having facilities to objectively

define lumpectomy cavity, preoperative clinical de-

scription forms the basis of boost field definition.

Patients’ own recollection of tumour position, pre-

operative clinical photographs with tumour marked

on skin, tattoos over tumour, mammographic find-

ings and surgical notes have been put into use. These

techniques are however subjective and sound to be

quite vague in present scenario. While patients’ own

description can vary during the treatment itself,

clinical photographs and tattoos may misguide the

physician in post lumpectomy status, due to distor-

tion of anatomy. Also, mammographic position of

the tumour may not directly correlate with its

position on skin, more so with deep seated tumours.

Boost volumes defined by clinical description were

found to be inadequate in almost 10�88% of cases

[33] when compared with lumpectomy bed deli-

neated by surgical clips.

Surgical scar

The surgical scar is most commonly used means

to identify the tumour bed to determine the boost

area. At many centres it is a policy to place the surgical

scar at the epicentre of the tumour. This helps

in delineation of the centre of the surgical cavity

around which the margins are grown. The surgical

scar could be of great help in centres where placement

of scar is uniform and is based on institutional policy.

Also at centres where other techniques like fluoro-

scopy or ultrasound guided tumour bed delineation

is not feasible, surgical scar may play an important

role. But, it has been observed that in most instances

the lumpectomy scar is not necessarily directly related

to the site of the tumour, mainly for cosmetic reasons.

Tumour bed defined by surgical scar can not only lead

to geographical miss leading to increased local failure

rates but may also include tissues beyond the volume

defined by clips causing poorer cosmesis [33,34].

Ultrasound (US) guided localisation

To further improve localisation of tumour bed,

ultrasound has been used to delineate lumpectomy

cavity. On comparison, it was found that full extent

of the lumpectomy cavity (dimensions as well as

depth) was underestimated by clinical examination

postoperatively in approximately 85�90% of patients

[34]. Intraoperative clinical placement of needles

for brachytherapy may also inadequately cover

posterior extent of the lumpectomy cavity when

visualized by intraoperative ultrasound [35]. The

ultrasound images are highly compatible with radio-

therapy planning systems; hence a proper dosimetric

planning is also possible on these images [13].

On the other hand, it is thought that absorption of

haematoma and seroma in the lumpectomy cavity

postoperatively i.e. the natural healing process may

obscure proper visualization of tumour bed. With

present protocols advising chemotherapy postopera-

tively, in most of the patients, radiotherapy is delayed

for significant duration. With increasing gap between

surgery and radiotherapy planning and treatment,

ultrasound may well underestimate the tumour bed

and its margins [35,36].

Surgical clips

Since the advent of breast conserving surgery, the role

of surgical clips, required number and accuracy for

delineation of tumour bed for postoperative radio-

therapy has been widely discussed. Surgical clips are

usually placed at the time of wide excision lumpect-

omy and are generally placed at four corners and in

the tumour bed. The placement of surgical clips and

their number may vary according to institutional

policy and experience. These clips are delineated by

either fluoroscopy or CT scans to define the lum-

pectomy cavity for planning the volume for boost.

The clinically defined fields have shown inade-

quate coverage in 42�68% of patients when com-

pared with position of clips [37,38]. The depth of

lumpectomy cavity has been found to be most

accurately assessed by surgical clips placed within

tumour bed [38]. Also, increasing the margins to

field in order to ensure coverage of lumpectomy

cavity (3 cm) resulted in 25% breast tissues at low

risk to be treated to an extra dose [38].

In a study comparing boost field defined by

surgical clips and ultrasound, it was found that

ultrasound significantly underestimates lumpectomy

Table II. Histopathological analysis for microscopic tumour foci.

Author

No. of pts/

Specimens No MCF*

MCF in index

quadrant/tumor bed

MCF elsewhere in

ipsilateral breast

Holland et al. [29] 282 37% 20% 43%

Vicini et al. [30] 441 36% 55% 9%

Vaidya et al. [31] 30 37% 50% 13%

*MCF: Multicentric tumour foci; pts: patients; Tumor: tumour.
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cavity size and depth. After a median duration of

6�8 weeks, margins of lumpectomy were defined by

ultrasound and compared with those defined by clips,

fluoroscopically. The cavity defined by ultrasound

varied significantly in all dimensions, transverse,

longitudinal and depth. This variation was unpre-

dictable and did not follow any fixed pattern [36].

With increasing gap between surgery and radio-

therapy due to addition of chemotherapy issues like

changes in the lumpectomy cavity and resultant clip

displacement came into picture. To calculate the

mean displacement of clips, Weed et al. compared

images in CT scans done at an interval of 27 days.

They found that there was a mean displacement of

clips by 3 mm in all 3 co-ordinates which can be

easily covered by a margin of 5 mm usually given for

Clinical target volume (CTV) demarcation [39].

But by and large most studies have found that

surgical clips and fluoroscopy are fairly accurate

means of delineating tumour bed especially in

centres where other advanced techniques are not

feasible [34,36�38,40].

CT scan

CT scans alone or in combination with surgical clips

have been found to be fairly accurate in determining

the tumour bed. The chief advantages of CT scan

include better visualization in early postoperative

period and an obvious sparing of normal breast

tissues at low risk seen as much as in 50% of cases

[41,42].

The disadvantage of CT is its difficulty to distin-

guish glandular breast tissues from surrounding

anatomy. Also, the images and cavity margins may

vary with different window settings. For this pur-

pose, CT scans have been aided with surgical clips.

Due to the hypothesized poorer images it was

thought that ultrasound has a greater accuracy in

defining boost fields as well as depth of prescription

[35]. But, a random comparison of lumpectomy

cavity delineated for electron boost planning by CT

and US showed nearly identical dimensions and

margins with both the techniques. The study showed

that CT alone can be equally useful in defining

lumpectomy cavity if the CT scans are done within

31�60 days post-operatively [43].

Surgical clips within the cavity, delineated by CT

scans to define the tumour bed have increased the

accuracy of field definition [13,44]. The role of

surgical clips have been emphasized to an extent that

in a retrospective analysis it was found that local

control was significantly higher in patients in whom

the boost field was defined by clips and CT

simulator than when done clinically (97% vs. 88%)

when total radiotherapy dose was similar in both the

groups. In these patients, 75% of the local recur-

rences were within clinically defined field margins

indicating geographical miss in these patients [45].

MRI

While MRI provides excellent definition of breast

and surrounding tissues along with accurate localisa-

tion of target volume and organs at risk, its wide-

spread application is limited by limited resources,

difficulty in scanning in treatment position as well as

image distortion during co-registration with treat-

ment planning systems [13]. MRI may be useful in

delineating small cavities in dense breasts, or in large

breasts and even in patients where a considerably

long gap postoperatively has caused nearly complete

absorption of lumpectomy cavity and seroma. This

can be possible with MRI due to its capability to

demarcate soft tissues in best possible manner.

In short, while CT based planning with surgical

clips remains the most accurate method to delineate

tumour bed, fluoroscopy with surgical clips is also a

fairly acceptable method for delineating.

Various techniques of boost delineation have been

summarised with their advantages and disadvantages

(Table III).

Boost doses and fractionations

The earliest comment on the dose of radiotherapy

boost dates back to 1985 when Arriagada et al. [46]

published results of retrospective data of patients

receiving radical breast radiotherapy (surgery con-

traindicated due to medical reasons or advanced

stage). They commented that increasing cumulative

doses to breast beyond a minimum of 15 Gy

proportionately increases chances of local control.

They have analysed that doses up to 80 Gy had been

delivered with increasing response rates but, these

high doses have to be tempered with possible late

side effects and poorer cosmesis.

Radiotherapy doses to whole breast and boost

doses have been discussed and investigated at length.

Doses to a total of 60�65 Gy i.e. 45�50 Gy to whole

breast and a boost of 15�20 Gy have shown sig-

nificant improvements in local control rates with

acceptable toxicities [7,14,26,28]. Though the evi-

dences are weak from retrospective analyses, doses

beyond 65 Gy have shown to further improve local

control rates but these are to be tempered with

higher incidence of complications. Hence, in the

present era of 3-D conformal radiotherapy allowing

sparing of normal tissues to their maximum, optimal

doses to whole breast as well as tumour bed need to

be investigated further.
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Boost treatment has been delivered in various

fractionation schedules ranging from 2�4 Gy/frac-

tion (Table I). The dose fractionation most com-

monly used for electron boosts were 2�2.5 Gy per

fraction with little difference in overall outcomes in

terms of local control. Also, there is no evidence of

difference in cosmetic outcome of patients receiving

varying fractionations. A head to head comparison of

boost fractionation schedules has not been done in a

single study, hence an ideal fractionation schedule

cannot be yet commented upon.

A few centres also practice concomitant boost to

tumour bed with electrons along with external radio-

therapy. The patients received WBRT for 5 days a week

and electron boost on sixth day, usually on a Saturday.

This schedule may well be potentially attractive in

countries with limited resources to save time [47].

Hypofractionated regimens are also being investi-

gated mainly for whole breast radiotherapy. Wide-

spread application of these schedules is still not

practiced in view of insufficient data addressing

long-term complication rates [8,48,49].

Identification of patients with high risk for local

recurrence

The effect of boost in preventing local recurrence

and cosmesis has generated a discussion regarding

the selection of the appropriate patient population

who would benefit most by tumour bed boost. Also,

in the EORTC trial, absolute risk reduction per age

group at 10 years was 23.9% to 13.5% (p�0.0014)

in B40 year and from 7.3% to 3.8% in �60 year old

(p�0.0008) [11].

This emphasizes the fact that probably radio-

therapy boost to tumour bed may turn out to be

over treatment in some patients. Hence, demarcat-

ing the group of patients at a higher risk of local

recurrence and appropriately advising radiotherapy

boost may prove to be a practical approach. Most of

the selection criteria are based on patient and

tumour related factors which have shown consistent

association with increased risk of local recurrence.

While some of these factors are still investigational,

many have been proved to have poor prognostic

values by means of various retrospective and pro-

spective study analyses.

Patient related factors

Younger patients i.e. age less than 40 years have been

found to have higher incidence of recurrence than

their older counterparts in various retrospective

studies. Also, tumours in young age patients have

been found to be associated with other nega-

tive prognostic factors that is negative receptor status

causing further worsening of prognosis [20,50�59].

In the EORTC and Budapest trials, age was found to

be a significant prognostic factor. They have also said

that maximum benefit in terms of tumour regression

is seen in younger patients probably due to inherent

radiobiology of these tumours [9,26,27]. In some

studies, after univariate analysis age was found to be

significant factor affecting prognosis but in multi-

variate analysis it was not found to be significant

factor [60,61]. Neuschatz et al. have prospectively

studied margin directed dose escalation and have

concluded that even an escalation of dose does not

Table III. Comparison of various techniques of boost delineation.

Technique Advantages Disadvantages

Surgical Scar 1. Feasible.

2. No additional costs.

3. Non invasive.

1. Depends on placement of scar.

2. Highly subjective.

Clips & Fluoroscopy 1. Feasible.

2. Inexpensive.

1. Mobility of clips in the lumpectomy cavity.

2. Variable position and numbers.

Ultrasonography 1. Can be used intra as well as post-operatively.

2. Images are compatible with RT planning

systems.

3. Is relatively inexpensive.

4. Non-invasive.

5. Reproducible images.

6. Tumour bed is directly visualised.

1. Ineffective for identifying tumour bed.

2. Definition hampered by healing process.

3. Poor definition 6�8 weeks post-operatively.

Clips & Computerised

Tomography

1. Accuracy same as that of clips and fluoroscopy.

2. Can be planned in treatment position.

3. Excellent definition of breast tissues.

1. Glandular tissues not well defined.

2. Clips necessary for definition.

3. Varies with window settings.

Magnetic resonance imaging 1. Accurate localisation of target volume.

2. Accurate localisation of organs at risk.

1. Costly, limited resources.

2. Image distortion during co- registration with TPS.

3. Difficulty in scanning in treatment position.
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fully overcome the influence of age thus signifying age

as an independent prognostic factor [62].

In pooled results of two European randomised

trials [63] comparing mastectomy and BCT, age was

found to be a significant factor affecting local control

in patients undergoing breast conservation but not in

patients undergoing mastectomy. Similar results have

been found in another randomised trial with a mean

follow-up of more than 25 years [6]. Though many

hypotheses have been laid to explain this event, exact

mechanism for the same hasn’t yet been found.

Menopausal status of the patient has been com-

bined with age when documenting its importance in

assessing prognosis of patients. Premenopausal pa-

tients have been shown to have poorer prognosis in

terms of local control [50].

Pathological prognostic factors

Positive margin status. Positive margin status i.e.

tumour emboli present at cut margins has been

quoted to cause increased incidence of local recur-

rence in nearly all the studies. Various authors have

coined terms like close, focally positive and gross

positive margins and have shown consistent correla-

tion with increased incidence of local recurrences

[50,52�58,64,65]. Schnitt et al. [64] have shown

that close (B1 mm), focally positive, and more than

focally positive margins are not only associated with

significantly increased risk of local recurrence but

also nodal as well as distant metastases.

To overcome the adverse effects of positive mar-

gins on overall outcome of the patients many

radiation oncologists have escalated the boost dose

to increase total dose to tumour bed [14,56,58,60].

Although in all these studies, patients with positive

margins underwent re-excision or revision surgery,

the boost doses to tumour bed were escalated to

20 Gy. All these studies showed comparable local

control rates in all patient subgroups i.e. patients

with positive, focally positive and negative margins.

Neuschatz et al. have found that in patients with

positive margin status though the control rates in

first 5 years were comparable with escalated boost

doses; there were increased incidences of local

recurrences later in these patients [62].

Extensive intraductal component. Extensive intraductal

component (EIC) is considered to be present when

at least 25% of the tumour mass comprises intra-

ductal carcinoma, and in situ cancer is also present

in the surrounding tissue. Various studies have

demonstrated EIC to be associated with a higher

rate of positive margins, a greater frequency of

residual cancer on re-excision specimens, and more

extensive residual intraductal disease in mastectomy

specimens [14,27,50,52,62]. It was not found to be

significant independent factor for local recurrence in

few studies [60].

Polgar et al. [26,27], have also shown EIC to be

associated with increased risk of recurrence and have

correlated this with higher residual tumour out-

side reference tumour in these patients.

Lymphovascular invasion (LVI). Lymphovascular in-

vasion in histopathological specimens has shown to

have increased local failures [26,50,52,53,59,61,

62,64]. But, at the same time it was not seen to be

related with significantly increased risk of LR in few

studies [48,53]. Poorly differentiated tumours with

high histological grade, lobular carcinomas and pro-

portion of in situ component have been correlated

with poor local control rates. [11,58,60,64,65,67].

Estrogen receptor positivity. Estrogen receptor positiv-

ity has been well established as a good prognostic

factor as these patients respond well to hormonal

therapy [50,60].

While, most of the studies and reviews have quoted

tumour size as an insignificant independent prognos-

tic factor [29,35,37,42,44]; involvement of lymph

nodes has been associated with increased local fail-

ures as well as earlier distant metastases [60,64,65].

In a retrospective analysis assessing risk factors in

early breast cancer patients over a period of 25 years

[6], it was found that four factors that strongly

correlated with risk of death were tumour size,

histologic grade, the number of involved axillary lymph

nodes, and age at diagnosis. But, after 10�15 years of

follow-up only age at diagnosis affected survival.

Treatment related factors

Total radiation dose to affected breast and tumour

bed is proportionately related to relapse free survival

[40,41,56,61]. Other factors which significantly

influence disease free survival are administration of

chemotherapy and hormonal therapy.

To summarise, age at diagnosis remains the most

important prognostic factor determining long-term

local control and survival. Other factors determining

prognosis are margin status, EIC, LVI, histological

grade, receptor status, number of involved axillary

lymph nodes and total dose of radiotherapy delivered.

Radiotherapy boost in ductal carcinoma in situ

(DCIS)

This has been a controversial issue, but recent

retrospective analyses have shown that post excision

radiotherapy with an electron boost definitely
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improves relapse free survival [66�68]. It has been

suggested that patients not having any negative

prognostic factors viz. young age and positive margin

status can be exempted from radiotherapy boost.

However, to generate a hypotheses regarding

management of these tumours, it is essential to

conduct randomised trial to study the recurrence

patterns.

Techniques of radiotherapy boost delivery

Various techniques of tumour bed boost delivery

have been extensively studied and their efficacy has

been compared retrospectively as well as prospec-

tively. The techniques most commonly used are

electrons, photons (less commonly used) and inter-

stitial brachytherapy (High dose rate-HDR and low

dose rate-LDR).

Electrons

With most of the centres now having linear accel-

erators, coronal en face electron beams have now

become standard practice in most institutions.

Minimal dose to underlying normal structures, i.e.

lung and breast to the maximum, varying energy of

electrons, feasibility of defining field on skin, an

outpatient procedure with minimal patient discom-

fort make it a favourable option for both the patient

as well as treating radiation oncologist. Most com-

monly used energies are 9�12 MeV, but as discussed

earlier the boost fields defined on the basis of clinical

details have been found to be erroneous in several

studies. Hence, the dimensions as well as depth for

tumour bed boost should be determined either by

fluoroscopy or CT combined with surgical clips, or

an ultrasound [33�35,41,42,69,70].

The most common prescription isodose for elec-

tron boost delivery is 90�95% isodose. But, in an

organ such as breast with multiple edges and

curvatures in different axes, the prescription isodose

may not cover the whole target volume uniformly.

This problem is commonly seen when tumours

are located at areas where there is a sudden change

in the depths like inframammary and axillary folds.

The depths of soft tissue vary greatly in these areas

and uniform energy electron beam may either under-

dose the tumour bed, or deliver higher dose to

underlying normal structures. The electrons have

limited role in patients with large breasts, tumours

situated at a depth i.e. closer to heart (on left) and

lungs and in folds. CT based planning in three

dimensions may help to determine the dose distribu-

tions accurately and help in choosing the optimal

energy.

The margins to be given to tumour bed for defining

boost field have also been discussed. Harrington et al.

[38], have shown that a boost field marked on the

basis of clinical data and background with a margin of

2 cm all around covers radiological field with same

margin in only 1/3rd (33%) of patients. Although

Vicini et al. showed that a margin of 1 cm around

the tumour covers microscopic disease adequately,

in EORTC trial margins of 1.5 cm were given for

microscopically completely excised tumours. Overall,

a margin of 1.5�2 cm to the tumour bed has been

reported to cover all subclinical disease in patients

with clear microscopic margins [9,27,38].

Brachytherapy

Radiotherapy boost to tumour bed can also be

delivered by interstitial brachytherapy i.e. interstitial

placement of needles into tumour bed either intrao-

peratively or postoperatively. Intraoperative place-

ment of needles is usually done under direct

visualization of lumpectomy cavity, but ultrasound

placement of needles has also been studied and has

been found beneficial [9,13,69,70].

It was discussed in subset analysis of EORTC trial

that the target volume for boost irradiation for

electrons and photons was approximately 2�3 times

that for brachytherapy boost. Although total dura-

tion of treatment was slightly longer for patients

planned for brachytherapy boost, probably because

of gap after completion of radiotherapy lent for

healing of skin reactions etc local control rates was

marginally better in the latter group of patients with

nearly similar cosmesis [9].

Brachytherapy till recent times had a major limita-

tion of hospitalization during the treatment, but with

the advent of newer flexible plastic tubes, this

limitation also seems to be overcome in near future.

Local control rates and disease free survival

achieved by electrons and brachytherapy used for

delivering tumour bed boost have been compared in

many studies (Table IV). As is evident from the table

the relapse rates for both the techniques are compar-

able with no significant differences amongst them.

Photons

Some of the institutions have reported tumour bed

boost by 4�6 MV photons. The practice of deliver-

ing boost by photons has declined after widespread

availability of electrons due to higher penetration

and increased doses to underlying critical structures.

Photons can be used in patients with small tumour

bed as late term sequelae of electrons such as

telangiectasia may not be acceptable to some

patients treated with electrons.
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Newer techniques

Modern radiotherapeutic techniques such as inten-

sity modulated radiotherapy (IMRT) are being

explored as a means to deliver whole breast irradia-

tion, including boost. While IMRT as a means for

delivering whole breast irradiation including the

boost is not a standard treatment as yet, it is

nevertheless being considered in some situations

such as patients with large breast and delivering

cardiac safe irradiation, particularly in left sided

breast cancers. For tumour bed boost only, IMRT

may not hold a great deal of advantage over

conventional techniques as has been demonstrated

in planning dosimetric studies [73]. However, IMRT

due to its unique ability to deliver a simultaneous

integrated boost (SIB) may be considered for whole

breast and tumour bed boost [74].

Some of the fundamental issues pertaining to

IMRTof the breast in general and boost in particular

include patient positioning, accurate target volume

delineation, interfraction and intrafraction motion,

dose constraints to critical structures such as heart

and lung, dose calculation at the interfaces etc.

Positioning and day to day reproducibility is one of

the major issues in breast irradiation and is especially

true for women with large breast. In general, there

has not been much gain with immobilization devices

for breast irradiation and could especially pose a

problem for techniques like IMRT with a relatively

rapid fall off of the doses [75,76].

One of the ways to decrease the movement of the

chest wall with respiration, exclude the heart and

lung, reduce the chest wall volume and reduce the

desquamation in the inframammary fold in women

with large breasts is treatment in the prone position

[77]. Tumour bed irradiation as a part of APBI has

been also shown to be feasible in prone position by

the same group [75,78�80].

Intrafraction and interfraction motion is another

much studied topic in these type of techniques

[81,82]. Although a lot of emphasis is being given

on the intrafraction motion as can be seen from the

development on the gating, it is the interfractional

motion that is responsible for a majority of the errors

[83] Use of gated CT scan for radiation planning

and use of respiratory gating for the treatment could

reduce the intrafractional errors associated with the

treatment [84].

Most of the planning systems currently still use

pencil beam algorithm, which has its limitations in

the accuracy especially at interfaces like lung where

small changes can lead to very large variations.

Kernel based convolution superposition algorithm

is more accurate in areas like tangents for the breast

where there is lung as well as air interface. However

such algorithm is relatively slow and not incorpo-

rated in many planning systems. While Monte Carlo

calculations may be considered in such situations,

their use is wrought with complexities and time

constraints for practical use and therefore very

seldom used in clinical practice.

One of the concerns with IMRT is also higher

leakage radiation and higher monitor units which

could possibly increase the risk of second cancers. In

breast cancer particularly, beams directing on the

isocenter from all sides could well significantly

increase the whole body dose and possibly increase

the chances of second neoplasm including cancers in

the contralateral breast. The Early breast cancer

trialist cooperative group (EBCTCG) meta-analysis

comprising of 42 000 women from 78 randomised

trials showed increased in the contralateral breast

cancer by 1.18 (p�0.002), increase in the lung

cancer by 1.61 (p�0.0007) and overall there was

significant increase in the risk of second primary

cancer [85]. Almost all patients in these trials have

received radiation with bitangential portals. However

if the beams are placed from all the sides during

IMRT (even if for the boost volume) this could

possibly increase the risk of all these cancers. In

addition it may also lead to higher circulatory

disorders. Therefore inverse planned IMRT though

has shown good dosimetric outcome is not advisable

and should be considered only for complex cases

where internal mammary chain irradiation is indi-

cated or in patients with complex thoracic contours

Table IV. Comparison of electron beam and interstitial brachytherapy boost.

Electron Beam Brachytherapy

Author No. of pts. 10 yr DFS IBTR No. of pts. 10 yr DFS LR*

Mansfield et al. [23] 416 78% 18% 654 76% 12%

Perez et al. [71] 490 79% 6% 129 80% 7%

Touboul et al. [72] 160 85% 15% 169 86% 8%

Bartelink et al. [9] 1 653 � 4.7%* 225 � 2.5%#

Polgar et al. [27] 52 94%# � 52 91.4%* �

*LR: local (ipsilateral breast) recurrence; #5 year survival.

DFS: Disease free survival; IBTR: Ipsilateral breast tumour recurrence.
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[86]. In such a scenario, a relatively simpler techni-

que of forward planned IMRT, where multiple small

segments of bitangential portals are used to compen-

sate for the high dose region resulting in homogenous

dose distribution. These multiple bitangential fields

can be fused together to form a continuous MLC

motion and is increasingly becoming popular for

whole breast IMRT [87].

The long-term results of these techniques in terms

of local control and cosmesis along with logistics

including cost benefit analysis are needed to put

these techniques into routine clinical practice [88].

One of the important trials in this regard would be

IMPORT high trial which is one of the proposed

randomized trials comparing standard tangential

portals vs. IMRT for women with breast cancer

treated with IMRT. The study arm in the trial

involves delivery of radiation with forward planned

IMRT portals in which the entire breast will be

delineated into three groups: low dose breast vo-

lume, standard dose breast volume and tumour bed.

The low dose breast volume would receive 36 Gy in

15 fractions, standard risk breast volume would

receive 40 Gy in 15 fractions and the tumour bed

would receive 48 Gy 0r 53 Gy with simultaneous

integrated boost technique [74].

The primary end point in this trial is palpable

induration while the secondary end point is late effect

on normal tissue, local, regional and distant control.

Effect of tumour bed boost on cosmesis

External beam radiotherapy boost to tumour bed

has conventionally been thought to worsen the

cosmesis. In the EORTC trial cosmesis was found

to be significantly affected at a median follow-up of

10 years in patients who received radiotherapy boost

[10,11], whereas in the Budapest trial cosmesis was

affected but the difference in two arms was not

significant [14,27]. Some studies have shown that a

larger dose per fraction or a concomitant electron

boost causes worsening of cosmesis [30] but at the

same time few others have denied the same

[11,26,27].

It has also been shown that increasing inhomo-

geneities throughout the breast as well as boost

volume also affects cosmesis adversely. Thus achiev-

ing a good homogenous distribution with newer

techniques viz. IMRT may marginally improve the

cosmesis [89]. Larger breasts, where cosmesis is

known to be poorer, these techniques might help in

avoiding hot as well as cold spots in the target

volume. No significant difference in cosmetic out-

come of patients receiving brachytherapy by various

techniques such as electrons and tumour bed boost

has been established. Though overall cosmesis rating

was same in both the groups in most of the

comparative studies telangiectasiae were more com-

mon in brachytherapy group [10,90,91].

Although Touboul et al. have found significantly

poorer cosmesis in patients who received a bra-

chytherapy boost; they have suggested it to be due to

a combination of several factors. The patients in the

brachytherapy group were mostly treated with Co60

(others were treated with 4�6 MV photons) and a

higher percentage of these patients underwent ax-

illary dissection [72].

The other factors which affect cosmesis adversely

are administration of chemotherapy and axillary

dissection [91].

Discussion and suggested guidelines

Radiotherapy boost to tumour bed along with WBRT

after BCS has been shown to have improved local

control rates in various randomised studies, EORTC

trial being the largest and most important of them

[9,11,24�28]. The patient population who would

benefit most and should be compulsorily advised

boost is yet to be defined. Yet, younger patients

[9,26,27,48�57] with close or positive margins

[49,53�56,58], extensive intraductal components

(EIC) [27,48,50,52], lymphovascular invasion

[27,51�54,60,63,64], axillary node positivity [59]

and negative hormonal receptors [51,61] are defi-

nitely the candidates who should receive the boost.

Still, radiotherapy schedules and doses in treat-

ment of carcinoma breast are in evolution. The

recent evidences discussing role of hypofractionation

in breast radiotherapy have further added to the

spectrum of our knowledge [8,48,49]. The rando-

mised trial by Whelan et al. [8], have shown similar

local control rates in patients who received post-

operative radiotherapy with conventional fractiona-

tion (50 Gy in 25 fractions), and those who received

hypofractionated radiotherapy (42.5 Gy in 16 frac-

tions). The local recurrence rates at 5 years were

3.2% and 2.8% respectively in both the arms. The

recurrence rate in conventional fractionation arm in

this study was quite lower when compared to similar

treatment group in EORTC trial (7.3%). Although

head on comparisons may not be possible, this

difference can be suitably explained by patient

selection. While Whelan et al. included only node

negative patients, Bartelink et al. included patients

with negative (78%), positive (21%) and unknown

(1%) axillary nodal status. The cosmetic results of

both the arms were similar, though it was lower when

compared to results of EORTC trial in similar

treatment groups (86% vs. 76.8%). Another rando-

mised study by Owen et al. with a median follow-

up of 9.7 years, compared various fractionation

888 R. Jalali et al.



schedules (50 Gy in 25 fractions, 39 Gy in 13

fractions and 42.9 Gy in 13 fractions) with similar

local control rates even though the effect on cosmesis

was adverse [48,49]. Approximately 75% of the

patients in this trial received boost to tumour bed

with conventional fractionation. Still, the long-term

effects of larger doses per fraction on breast tissue in

large breasts, brachial plexus (neural tissue), heart

and lung have to be further investigated and only

then these schedules can be incorporated into routine

clinical practice.

Accurate delineation of boost field is important

not only to cover the subclinical disease effectively,

but also to treat the minimal possible volume thus

avoiding adverse cosmetic events. While ultrasound

seems to be the best option for both intra and post

operative brachytherapy boost [13,34,35], surgical

clips in the tumour bed (4�5: at corners and depth)

guided by CT scans have proved to be best for

electron boost field delineation [12,49]. The place-

ment of clips, their position and number should be

standardised to further help in setting up guidelines

for adding margins to the clips. Newer modalities

such as ultrasound and CT scan have an advantage

in terms of proper coverage of cavity with direct

visualization and sparing of normal breast tissues

with easy and cheap availability of resources. MRI,

though can have better delineation of tissues, its use

is limited in daily practice due to costly resources

and time consuming procedures.

Various dose fractionation schedules have been

utilized for boost treatment and 2�2.5 Gy per

fraction seems to be most acceptable fractionation

schedule in terms of local control as well as late

effects on cosmesis [25�27,91]. The role of con-

comitant boost is still investigational and its wide-

spread applicability can be advocated only after its

effects on cosmesis are defined [47].

Boost dose can be delivered by photons, electrons

or brachytherapy. All these techniques have been

found to be equally beneficial in terms of local

control. The use of photons has now decreased due

to higher doses to underlying structures. Both

electrons and brachytherapy not only deliver desired

dose to tumour bed, they have similar effects on

cosmesis. The role of IMRTwith conformal boost are

still under investigation, though initial results have

shown little benefit over other techniques [44,73,89].

It has been proved that an additional radiotherapy

dose in form of boost does cause worsening of

cosmesis. But a statistically significant difference in

cosmesis has been found only in few studies [11],

while others have shown trend towards worsening

[26,27]. Hence, not only the patients who ought to

receive boost should be selected carefully, boost

volumes should also be delineated with caution. A

larger volume than needed is bound to cause poorer

cosmesis. Though electrons and brachytherapy

cause similar changes in cosmesis, telangiectasiae

have been reported to be more common in patients

who received brachytherapy [11,12]. With newer

techniques like 3-D brachytherapy planning to

remove these side effects will decrease due to better

definition of dose to skin and subcutaneous tissues.

The guidelines for various aspects of boost treat-

ment and levels of evidence to justify them are

summarised in Table V.

Conclusions

From the above discussion, it can be concluded that

an additional radiotherapy boost to tumour bed after

BCS is effective in improving local control rates and

subsequently disease free survival. Identification of

group of patients who would benefit most by radio-

therapy is also important so as to avoid unnecessary

extra radiotherapy dose to patients with low risk of

local recurrence. The localisation of tumour bed is

an important issue, and while surgical clips deli-

neated by fluoroscopy are fairly good and cost

Table V. Controversies and suggested guidelines in tumour bed boost in breast cancer.

Controversy Suggested Guidelines Level of Evidence

To boost or not to boost To give boost to all patients; maximum

absolute risk in younger patients

I

Boost dose 15�20 Gy I

Positive margins Boost dose escalation. III

Boost fractionation Electrons: 2�2.5 Gy per fraction HDR:

3�4 Gy per fraction

III

Concomitant/Simultaneous integrated boost Investigational III

Technique of Boost delivery Electrons or brachytherapy I

Boost delineation Electrons � CT with surgical clips

Brachytherapy � Ultrasound

III

Margins to tumour bed Electrons � 1�2 cm High dose rate

brachytherapy � 1 cm

III

Tumour bed boost in ca breast 889



effective means to delineate lumpectomy cavity,

surgical clips combined with CT scan should prove

to be an ideal method based on various quantitative

and qualitative analyses. The technique used for

delivery of radiotherapy boost whether it is by means

of photons, electrons and brachytherapy have similar

local control rates as well as similar effects on

cosmesis. Hence an accurate delivery of radiotherapy

boost to tumour bed to ideal candidates can ensure

better local control with acceptable toxicities.
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