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Is the simultaneously integrated 
boost (SIB) technique for early 
breast cancer ready to be adopted 
for routine adjuvant radiotherapy?

Statement of the German and the Austrian 
Societies of Radiooncology (DEGRO/ÖGRO) 

Adjuvant radiotherapy following breast 
conserving surgery (BCS) is usually per-
formed by homogenous irradiation of 
the whole breast (WBI), using single dos-
es of 1.8–2 Gy up to total doses around 50 
Gy, mostly followed by a boost to the tu-
mor bed considered as the area of high-
est subclinical tumor cell contamination 
[19]. This tumor bed boost may be applied 
using external photon and/or electron 
beams up to cumulative tumor bed doses 
of 60–66 Gy in same fractional dose sizes 
as the preceding WBI. Alternatively, high-
er single fractions around 10 Gy are com-
monly used for either brachytherapy or 
intraoperative tumor bed boosts (IORT).

During the last few years, a new meth-
od of dose escalation to the tumor bed by 
a simultaneously integrated boost (SIB, 
concomitant boost) was proposed [11]. 
The rationale is a localized dose enhance-
ment in the area at highest risk without 
prolonging treatment duration, thus not 
only providing improved patient comfort 

but also exploiting the higher sensitivity 
of breast tumor cells towards larger sin-
gle doses, which has long been postulat-
ed in the linear-quadratic model. On the 
other hand, the same model also predicts 
increased responsiveness of all normal 
structures which are relevant for late re-
action developments and hence, cosmet-
ic outcome following radiotherapy dur-
ing BCT (e.g. skin, subcutaneous tissue, 
ribs [9]).

This topic was addressed by Bante-
ma-Joppe et al. [1] who recently report-
ed their experience with the SIB tech-
nique in a publication that prompted the 
present editorial. Between 2005 and 2010, 
940 patients were treated by standard-
fractionated WBI (28 fractions of 1.8 Gy) 
and SIB regimen of 2.3–2.4 Gy. Toxicity 
and cosmetic results were evaluated an-
nually. After a median follow-up period 
of 30 months (6–54 months) grade ≥2 fi-
brosis in the boosted area was observed 
in 8.5% of the patients, chest wall pain 

in 6.7%, and grade ≥2 teleangiectasia in 
3.7%. Half of all patients developed fibro-
sis outside the boost volume (all grades). 
In 39.7% of all cases, the cosmetic outcome 
was scored as acceptable or poor. In mul-
tivariate analysis, no RT-related parame-
ter was identified as predictive for the in-
crease of late reactions or inferior cosmet-
ic results. Quantitative information on ab-
solute boost volumes and outcome analy-
ses along volume sizes were not provid-
ed. The authors interpreted their results as 
in accordance with findings after “classi-
cal” RT with consecutive boosts, although 
they admitted that the cumulative rates of 
observed fibrosis were in the upper range 
of reports. Nonetheless, their conclusion 
was that the technique was “safe regard-
ing normal tissue complications”. In a for-
mer publication they had evaluated 3-year 
locoregional control, recurrence-free 
and overall survival (OS) rates of 99.2%, 
95.5%, and 97.1% [2].
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The role of fraction size for 
breast cancer radiotherapy

The Canadian and British hypofraction 
trials provided first experiences with re-
duced total whole breast doses in compar-
ison to conventional 50 Gy WBI in 2 Gy 
fractions, testing the radiobiological hy-
pothesis of iso-effectiveness in terms of 
tumor sterilization without increasing 
long-term toxicity [22, 24]. To date, clin-
ical intermediate- and long-term analy-
ses seem to confirm the above mentioned 
biomathematical models in terms of as-
sumed alpha/beta (α/β) values of all rele-
vant tissues regarding both, tumor control 
and cosmetic results. Nevertheless, longer 
follow-up remains necessary to confirm 
these observations by more mature data.

Another open issue is whether the ex-
isting clinical data for hypofractionated 
WBI can safely be transferred to WBI us-
ing SIB strategies in general practice. Gen-
erally, SIB techniques can be performed 
within conventionally (normo-)fraction-
ated WBI (single breast doses 1.8–2 Gy, to-
tal doses 50 Gy) as well as hypofraction-
ated WBI schedules (single doses around 
2.7 Gy, total dose around 40 Gy). Thus, 
SIB doses to the tumor bed amount to 
2.4–2.6 Gy during conventional and 3.0–
3.2 Gy during hypofractioned WBI, re-
spectively.

During normofractionated WBI, SIB 
doses of 10–16 Gy are administered in 25–
28 fractions, leading to areas of daily zon-
al dose augmentations of 20–35% of the 
prescribed whole-breast dose. In contrast 
to the above quoted hypofractionation tri-
als, the total number of WBI fractions is 
however not reduced. Therefore, depen-
dent on number and dosage of SIB frac-
tions, the LQ model predicts somewhat 
higher rates of late reactions within the 
tumor bed volume (see below). More-
over, the role of dose inhomogeneities in 
these dimensions during WBI is not clari-
fied. Especially in larger breast volumes, 
they have been associated with signifi-
cantly higher rates of subsequent develop-
ment of breast fibrosis with worse cosmet-
ic outcome [12, 16]. Unlike in SIB treat-
ments, these regional overdosages were 
inadvertent effects caused by patients’ 
anatomy and lower depth penetration of 
photons (partly cobalt-60) in the absence 

of in-field modulation options. There-
fore, caution has to be exercised when a 
former shortcoming in dose homogeneity, 
which was systematically optimized by the 
evolvement of sophisticated EBRT tech-
niques, is purposely re-introduced under 
the assumption of a biologic superiority.

The negative cosmetic impact of larger 
volumes exposed to higher doses has been 
described several times [7, 16, 21]. Howev-
er, data elucidating the role of such dose–
volume relations are too sparse to permit 
a reliable estimation of the normal breast 
tissue’s cost–benefit risk during dose ho-
mogeneity modulations [17]. Moreover, 
opinions are dissenting on how to adopt 
the LQ model for prediction of late reac-
tions. For instance, some studies on ac-
celerated partial breast irradiation (AP-
BI) show markedly higher rates of fibro-
sis and unacceptable cosmetic results fol-
lowing zonal single doses of 3.85 Gy in 
10 fractions over 5 consecutive days—
even without WBI [15]. This observation 
was interpreted by Bentzen and Yarnold 
[3] as a possible overestimation of cell re-
pair capacities within the interval of a hy-
pofractionated RT and/or as consequence 
of overvaluated α/β ratios for the estima-
tion of cosmetically relevant late effects. 
To date, the most frequently used α/β fig-
ures for chronic skin/subcutaneous tissue 
reactions range between 2.8 and 3.4 Gy.

To further elucidate the possible risks 
and consequences of a defined SIB sched-
ule (especially when used outside clinical 
trials), some systematic—albeit hypothet-
ical—calculations are convenient. For es-
timation of late fibrosis, an averaged α/β 
value of 3 Gy is used:
F		after conventional WBI (25 fractions of 

2 Gy) followed by a tumor bed boost 
of 10 Gy (5 fractions of 2 Gy), the 2 Gy 
per fraction equivalent dose (2 Gy ED) 
in the boost area is 60 Gy, and after a 
booster dose of 16 Gy (8 fractions of 
2 Gy), the BED amounts to 66 Gy, re-
spectively. Correspondingly, single 
doses of 1.8 Gy for WBI and boost up 
to a total tumor bed dose of 66.6 Gy re-
sult in a 2 Gy ED of 63.9 Gy;

F		SIB treatments with single doses of 
2.1 Gy during conventional WBI 
(28 fractions of 1.8 Gy WBI, 28 frac-
tions of 2.1 Gy SIB) result in 2 Gy ED 
of 60 Gy;

F		SIB treatments with single doses of 
2.25 Gy during conventional WBI 
(28 fractions of 1.8 Gy WBI, 28 frac-
tions of 2.25 Gy SIB) result in 2 Gy ED 
of 66.2 Gy;

F		SIB treatments with single doses of 
2.25 Gy during conventional WBI 
(25 fractions of 2.0 Gy WBI, 25 frac-
tions of 2.25 Gy SIB) result in 2 Gy ED 
of 59.1 Gy;

F		SIB treatments with single doses of 
2.4 Gy during conventional WBI 
(25 fractions of 2 Gy WBI, 25 fractions 
of 2.4 Gy SIB) result in a 2 Gy ED of 
66.4 Gy; and

F		SIB treatment with single doses of 
3.2 Gy within a hypofractioned WBI 
schedule (15 fractions of 2.7 Gy WBI, 
15 fractions of 3.2 Gy SIB) result in a 
2 Gy ED of 59.5 Gy.

Compared to the pre195sent standard of a 
16 Gy boost as currently used, this calcula-
tion model would therefore predict a sim-
ilar probability of fibrosis for a SIB appli-
cation during normofractionated WBI as 
well as in the exemplary hypofractionated 
schedule. However, conceiving lower “re-
al” α/β values, the probability of detrimen-
tal effects for any kind of SIB technique 
on normal tissue may increase. Further-
more, these assumptions are merely com-
paring single and total doses, but do not 
account for possible time factors of short-
er RT schedules.

Apart from dose considerations, the 
absolute boost volume is also predic-
tive for the development of a late fibro-
sis, with increasing incidence along larger 
volumes, as reported in a long-term sub-
population analysis of the EORTC-22881 
study: “boost versus no-boost” [7]. Pri-
or to this publication, the investigators’ 
group had described worse cosmetic re-
sults for boost volumes >200 cm3 (signifi-
cant in univariate analysis; [21]).

The choice of an appropriate EBRT 
technique to achieve a SIB effect is of fur-
ther concern. An uncritical application 
of multifield IMRT techniques is highly 
problematic, since integral doses outside 
the PTV should be kept as low as possi-
ble in order to diminish stochastic tumor 
induction effects [4, 18]. Dose intensity 
modulations should therefore preferably 
be performed within the tangential beam 
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arrangements (field-in-field techniques, 
“tangential” IMRT). It is assumed that af-
ter multifield or rotational SIB-IMRT, the 
subsequent risk of ipsilateral lung cancer 
induction rises significantly in compari-
son to a tangential beam design [8].

Clinical evidence of SIB 
techniques for breast cancer

A further Dutch institution reported a 
similar experience, with a cohort com-
prising 1274 patients treated between 2007 
and 2009 (28 fractions of 1.8 Gy WBRT, 
2.3 Gy SIB; [14]). To date, there has been 
no information published on toxicities 
and tumor-related parameters. However, 
the authors emphasized the necessity for 
continuous dose planning optimization 
during a SIB-RT to account for shrink-
ing seroma when exceeding initial sizes of 
30 cm3. This was relevant for about 9% of 
all patients, out of these 77% received plan 
adaptations to avoid excess treatment vol-
umes during SIB. These findings were re-
cently corroborated by a Chinese group 
[24].

SIB during hypofractionated 
WBI (HF-SIB)

Chadha et al. [5] published their first ex-
perience in acute toxicity for SIB applica-
tion during hypofractionated RT in com-
parison with WBI plus boost in normo-
fractionation: 50 patients were treated by 
15 fractions of 2.7 Gy whole-breast and 
concomitantly 3 Gy tumor bed dose, re-
spectively, whereas 74 patients received 
26 fractions of 1.8 Gy WBI followed by 
7 fractions of 2 Gy to the tumor bed. No 
information was given on boost volumes. 
Concerning acute toxicity 8 weeks after 
the end of RT, hypofractionated SIB pa-
tients experienced significantly less grade 
≥2 fibroses (p=0.0015) and breast pain.

One of the rare long-term reports fol-
lowing HF-SIB was published by Freed-
man et al. [10]: 75 patients were irradiat-
ed in 20 fractions at 2.25 Gy whole-breast 
and 2.8 Gy tumor-bed dose, respective-
ly. The mean CTV size of the tumor bed 
amounted to 24 cm3 (range 3–123 cm3). 
After a median follow-up of 69 months, 
three local recurrences were noted (5-year 
LRR 2.7%). Cosmetic as well as function-

al scores were reported as comparable 
to standard treatment. A volume-based 
analy sis of their findings was not provid-
ed.

A recent prospective randomized 
study from Belgium [20] compares a stan-
dard WBI (25 fractions of 2 Gy tangential 
fields, 8 fractions of 2 Gy electron boost) 
to a hypofractionated tomotherapy com-
prising a SIB (15 fractions of 2.8 Gy WBI; 
3.4 Gy SIB). Included were 41 patients af-
ter BCS and 28 patients following mastec-
tomy. Study endpoint was the occurrence 
of cardiopulmonary toxicity in dependen-
cy from the RT method. After 2 years, the 
authors described a two-fold skin reac-
tion rate (grade ≥1) in the standard treat-
ment arm compared to the tomothera-
py cohort (60 vs. 30%), which is however 
most probably attributable to the electron 
boost. There was no differentiation along 
type of operation (breast conservation or 
mastectomy), nor did the authors report 
on tissue fibrosis and cosmesis. Cardial 
function (LVEF) was not affected by ra-
diation technique; lung function (FEV1) 
was reported to be less impaired after SIB 
tomotherapy.

Ongoing studies

The IMPORT HIGH Trial [6] tests the hy-
pothesis whether a risk-adapted dose dis-
tribution within the breast during dai-
ly dose delivery including a SIB applica-
tion is capable to reduce late reactions 
while concomitantly increasing tumor 
control rates. While the dose is kept lower 
in zones of assumed minimal residual dis-
ease, an increased single dose is pursued 
in those areas at higher risk for micro-
scopic tumor remnants. Two different HF 
schedules are tested against a 15 fractions 
of 2.7 Gy regimen, followed by 8 frac-
tions of 2 Gy boost, which is now consid-
ered as standard in the UK. In both inves-
tigational arms, a single dose of 2.4 Gy to 
the whole breast and 2.67 Gy to the index 
quadrant is prescribed. In the first test co-
hort, the tumor bed is concomitantly ir-
radiated with 3.2 Gy, whereas the sec-
ond arm receives 3.5 Gy (isoeffective to 
60 and 69 Gy, respectively, towards a 2 Gy 
fractionation at an assumed α/β value of 3 
for late reactions). The study protocol de-
mands for standardization of boost vol-

umes in all treatment arms. There have 
been no clinical reports up to now.

An US-American randomized phase 
III trial conducted by the RTOG (1005) in-
vestigates patients receiving either sequen-
tial or concomitant boosts. In the sequen-
tial approach, WBI is offered in normo- 
as well as hypofractionated RT (25 frac-
tions of 2 Gy and 16 fractions of 2.67 Gy, 
respectively), followed by 6–7 fractions 
of 2 Gy tumor bed boost. For (SIB) treat-
ment, WBI is performed in hypofraction-
ation (15 fractions of 2.67 Gy) with a con-
comitant boost of 3.2 Gy. However, the re-
cruitment goal of 2312 patients lies in the 
distant future (1/2012: 200 patients).

Conclusion

The proposed SIB strategies in adjuvant 
radiotherapy during BCT are of high in-
vestigational potential. However, the pub-
lished data are too inconclusive and pre-
mature to permit a solid prediction of 
long-term outcome in terms of tumor 
control, fibrosis, and cosmesis. From the 
calculations presented above, the use of 
SIB techniques with single tumor bed 
doses of 2.1 Gy for low-risk tumors up to 
2.25 Gy for constellations with higher risk 
for local recurrence seem to be within the 
therapeutic range. Further evaluation in 
prospective trials is the preferential tool 
to clarify these open issues. Dose modula-
tion should preferably be performed with-
in the tangential beam arrangement (field-
in-field techniques, “tangential” IMRT) 
instead of multifield or rotational IMRT. 
Boost volumes have to be kept as small as 
possible without compromising oncologi-
cal requirements and a detailed documen-
tation is imperative. In case of a distinct 
seroma after tumorectomy (>30 cm3) pri-
or to RT, the necessity of re-planning has 
to be considered after the first two treat-
ment weeks. For quality assurance and al-
so forensic aspects, long-term follow-up 
and a meticulous documentation of late 
effects by an experienced radio-oncologist 
are mandatory. This is even more impor-
tant outside clinical trials, as the embed-
ment into a defined observation schedule 
may be less strict than for study patients. 
In the absence of analyses of ongoing ran-
domized prospective studies, the breast 
cancer expert panel of the German Society 
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of Radiation Oncology (DEGRO) explic-
itly discourages the routine use of high-
er SIB fraction sizes as well as the applica-
tion of SIB during hypofractionated WBI 
schedules outside clinical trials. 

Summary for clinical practice

F		Regarding radiobiological consider-
ations, normofractionated SIB seems 
to be in the therapeutic range, howev-
er, prospective data for long-term tox-
icity are not yet available.

F		Normofractionated WBI plus sequen-
tial boost remains standard treatment, 
hypofractionated WBI plus sequen-
tial, normofractionated boost is an al-
ternative for selected patients.

F		Hypofractionated WBI plus SIB is 
discouraged outside clinical trials.

F		Combination of SIB plus sequential 
boost is not recommended in the ab-
sence of respective data.

F		Whenever modifications of the stan-
dard technique are used, an increase 
of normal tissue dose (especially lung, 
heart and contralateral breast) has 
strictly to be avoided.

F		Long-term observation and docu-
mentation are mandatory.
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