
Adjuvant radiotherapy after breast-con-
serving surgery (BCS) is a cornerstone 
of breast-preserving treatment. Accord-
ing to standard guidelines, radiothera-
py is administered as normofractionat-
ed whole breast irradiation (WBI) in 25–
28 fractions up to 50 Gy followed by a 
sequential boost to the tumor bed with 
5–8 fractions up to 10–16 Gy. Radiother-
apy consistently reduces the risk of local 

relapse in the ipsilateral breast and im-
proves overall survival in high-risk pa-
tients [1–3]. The boost further improves 
local control [4–6].

Recently, results of four randomized 
trials recruiting 7,095  patients treated 
by whole breast hypofractionation have 
shown local control and adverse effects to 
be comparable with a conventional regi-
men [7–10]. Doses of 39.0–42.0 Gy in 13–
16 fractions are considered to be equiv-
alent to 50.0 Gy in 25 fractions by con-
ventional fractionation but the 13 × 3 Gy 
regimen (39 Gy in 5 weeks) or 13.3 × 3 Gy 
(42.9 Gy in 5 weeks) was associated with 
lower local control rates (local failure 
rates of 7.1 and 9.1 %) [10]. However, the 
hypofractionation regimens referred only 
to homogenous WBI. The issue of boost 
radiation was not addressed in these stud-
ies primarily due to the uncertain priority 
of the boost at the time of conceptual de-
sign phase of these trials.
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Abbreviations

3D-CRT �Three-dimensional conformal 
radiotherapy

AE �Adverse event

ARO �Arbeitsgemeinschaft Radio
logische Onkologie (Research 
Group on Radiological Oncology 
in the German Cancer Society)

BCS �Breast-conserving surgery

CR �Conventional radiotherapy

DLco �Diffusing capacity of the lung for 
carbon monoxide

DVH �Dose–volume histogram

EORTC �European Organisation for Re-
search and Treatment of Cancer

FEV1 �Forced expiratory volume in 1 s

IMRT �Intensity modulated radio-
therapy

LAD �Left coronary artery

NCI-CTC �National Cancer Institute Com-
mon Toxicity Criteria

PTV �Planning target volume

RIVA �Ramus interventriculares an-
terior

SIB �Simultaneous integrated boost

TT �Tomotherapy

VMAT �Volumetric modulated arc 
therapy

WBI �Whole breast irradiation
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According to the current statement 
of the German and the Austrian Societ-
ies of Radiooncology (DEGRO/ÖGRO), 
two hypofractionated regimens can be 
recommended for shortening time: either 
conventionally fractionated WBI with a 
simultaneous-integrated boost (SIB) or 
hypofractionated WBI plus a sequential 
normofractionated boost as alternative 
for selected patients [11, 12]. Both regi-
mens reduce the overall treatment time to 
about 5 weeks. The combination of hypo-
fractionated WBI with a SIB can further 
shorten the treatment time down to about 
3 weeks, but this regimen is currently con-
sidered as investigative and its use is so far 
recommended only within clinical trials. 
Recently, first clinical results of three pro-
spective studies (one of these was a ran-
domized trial) investigating similar ap-
proaches (hypofractionation plus SIB) 
have been published [13–15]. All trials 
confirm in small patient groups that in-
corporating SIB into hypofractionation is 
feasible with a tendency for fewer side ef-
fects. The results of the small randomized 

trial hint at a benefit with regard to late 
lung toxicity [14].

We initiated this prospective trial to 
investigate the feasibility of hypofraction-
ation with SIB in patients with early breast 
cancer. ARO 2010-01 is one of the first 
German trials evaluating this combined 
experimental hypofractionation regimen. 
The primary endpoint of this multicenter 
phase II study was feasibility.

Patients and methods

The study was conducted according to 
the principles of the Declaration of Hel-
sinki and Good Clinical Practice guide-
lines. The Ethics Committee, University 
of Lübeck (No. 09-194) and all local re-
view boards of the participating institu-
tions approved of this study. Each patient 
gave written informed consent before be-
ing included. The study has been awarded 
the “Certificate of Quality A” by the Ger-
man Cancer Society as proof of compli-
ance to clinical trial guidelines and scien-
tific impact.

Patients

The eligibility criteria included women 
aged 18 years or older with histopatho-
logically confirmed breast cancer operat-
ed by BCS with clear margins and indi-
cation to adjuvant radiotherapy includ-
ing boost radiotherapy but without in-
dication for radiotherapy of the regional 
lymph nodes or history of prior breast or 
thoracic radiotherapy. Pretreatment eval-
uation included a complete history and 
physical examination; pre-operative im-
aging by CT or MRI was required.

Treatment protocol

The whole breast received a dose of 
40.0 Gy in 16 fractions of 2.5 Gy. A SIB 
with a single dose of 0.5 Gy per fraction 
was administered to the tumor bed, there-
by giving a total dose of 48.0 Gy in 16 frac-
tions to the boost-PTV (. Fig. 1). This hy-
pofractionation approach is equivalent 
to about 46.0 Gy total dose to the breast 
with 25–26 fractions of 1.8 Gy and also 
equivalent to about 60.0 Gy to initial tu-
mor region (boost) with 25–26 fractions 
of 1.8 Gy plus 6–7 fractions of 2.0 Gy as-
suming the α/β ratio of 3.0 Gy for nor-
mal tissue.

Radiotherapy could be given either in 
3D-conformal RT (3D-CRT) or IMRT 
technique. For the 3D-CRT plan, we used 
2 tangent fields with dynamic wedges for 
the whole breast and in most cases 1–3 
conformal fields for the boost. Radio
therapy was delivered by a linear accel-
erator with a minimal energy of 6 MeV 
using either photons/electron or pho-
ton/photon combination depending on 
optimal PTV coverage. Organs at risk, 
which had to be contoured, were heart, 
lung, contralateral breast, and the ante-
rior branch of the LAD (RIVA) from its 
origin over a length of 3 cm and certain 
dose parameters (median dose, maximum 
dose, and percentage of organ receiving 
> 20 Gy had to be documented (heart me-
dian dose < 5 Gy, heart maximum dose 
≤ 40 Gy, RIVA median dose < 5 Gy, RI-
VA maximum dose ≤ 40 Gy, and contra-
lateral breast gland median dose < 3 Gy).

During treatment, patients were eval-
uated weekly regarding history and clin-
ical examination. Patients continue to be 

Fig. 1 9 Treatment 
plan of whole-breast 
irradiation and simul-
taneous integrated 
boost. Two tangen-
tial fields contribute ca. 
75 % of the prescribed 
dose. Two addition-
al VMAT arcs complete 
whole breast dose 
and boost by rotations 
from corner to corner 
of tangential fields that 
spare the contralater-
al breast

Table 1  Baseline characteristics of the ITT population (n = 141)

Mean (SD) Median Range

Age (years) 61.5 (10.5) 61 33–87

BMI (kg/m2) 27.9 (5.0) 27 18.3–40.1

Karnofsky-Index (%) 96.6 (7.1) 100 60–100

Tumor size (mm) 15.9 (9.3) 13 2–55

Positive lymph nodes 0.16 (0.6) 0 0–5

Examined lymph nodes 5.1 (5.9) 3 1–29

Minimal free resection margin (mm) 5.5 (3.6) 5 0–21

Time between resection and irradiation (days) 97.5 (71.6) 55 23–434

Duration of systemic treatment in 48 patients (days) 113.2 (29.7) 106 13–212

SD standard deviation, BMI body mass index
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followed-up at regular intervals accord-
ing to the German guidelines. Toxicities 
were assessed by National Cancer Insti-
tute Common Toxicity Criteria (NCI-
CTC), version  3.0. For patient self-as-
sessment of disease specific quality of life 
(QoL), questionnaires EORTC-QLQ C30 
and EORTC-QLQ BR23 were used.

Study design, endpoints, 
and statistical analysis

The primary endpoint of this prospective 
multicenter study of hypofractionation 
with SIB was feasibility across settings. 
Feasibility was defined as application of 
48 Gy in 16 fractions within 22–29 days 
(date difference + 1) while respecting five 

dose constraints. Sample size was cho-
sen so that a 95 % confidence interval for 
the feasible proportion had length 10 per-
centage points when feasibility was 90 %. 
Software nQuery Advisor recommend-
ed 139 observations. Inclusion of 150 pa-
tients was planned to offset screening 
failures. Missing data on feasibility was 
counted as not feasible. Modified score-
function 95 % confidence intervals were 
computed for proportions and for differ-
ences of proportions among predefined 
strata radiation type and chemotherapy. 
Such subgroup analyses explored possi-
ble sources of bias. Quality of life statis-
tics included exact 95 % confidence inter-
vals for the median and Hodges–Lehman 
estimates of differences.

Results

Patient characteristics

A total of 151 patients were enrolled into 
the study at 7 investigation centers (pri-
vate practices, local hospitals, and aca-
demic centers) from July 2011 to Octo-
ber 2012. Ten patients were found to be 
ineligible prior to start of radiotherapy. 
Four of these patients withdrew consent 
after inclusion, five patients were exclud-
ed because of findings during treatment 
planning (large seroma detected at radio-
therapy planning in two patients, inabili-
ty to precisely delineate the boost volume 
in three patients), and one patient could 
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Hypofractionation with simultaneous integrated boost for early breast cancer. 
Results of the German multicenter phase II trial (ARO-2010-01)

Abstract
Purpose.  To evaluate the feasibility of hypo-
fractionation with SIB in all settings in Germa-
ny to prepare a multicenter treatment com-
parison.
Methods.  Eligible patients had histopatho-
logically confirmed breast cancer operated by 
BCS. Patients received WBI 40.0 Gy in 16 frac-
tions of 2.5 Gy. A SIB with 0.5 Gy per fraction 
was administered to the tumor bed, there-
by giving 48.0 Gy in 16 fractions to the boost-
PTV sparing heart, LAD, lung, contralateral 
breast. The primary study objective was fea-

sibility, administration of specified dose in 16 
fractions within 22–29 days with adherence 
to certain dose constraints (heart; LAD; con-
tralateral breast); secondary endpoints were 
toxicity, QoL.
Results.  151 patients were recruited from 
7 institutions between 07/11-10/12. 10 pa-
tients met exclusion criteria prior to irradi-
ation. All but two patients (99 %) received 
the prescribed dose in the PTVs. Adher-
ence to dose constraints and time limits was 
achieved in 89 % (95 % CI 82 % to 93 %). 11 

AE were reported in 10 patients; five relat-
ed to concurrent endocrine therapy. Two of 
the AEs were related to radiotherapy: grade 
3 hot flushes in two cases. QoL remained un-
changed.
Conclusion.  Hypofractionation with a SIB is 
feasible and was well tolerated in this study.

Keywords
Breast cancer · Hypofractionation · 
Simultaneous integrated boost · Feasibility · 
Toxicity 

Hypofraktionierte Bestrahlung mit simultan-integriertem Boost beim frühen 
Mammakarzinom. Ergebnisse einer deutschen Phase-II-Multizenterstudie (ARO-2010-01)

Zusammenfassung
Hintergrund.  Die ARO-2010-01-Studie prüf-
te die Durchführbarkeit einer hypofraktio-
nierten Bestrahlung mit simultan-integrier-
tem Boost (SIB) in unterschiedlichen Versor-
gungseinrichtungen zur Vorbereitung einer 
multizentrischen Vergleichsstudie.
Methoden.  In die Studie rekrutiert wurden 
Patientinnen mit histopathologisch gesicher-
tem Mammakarzinom nach brusterhalten-
der Operation. Bestrahlt wurde die Brust mit 
40,0 Gy in 16 Fraktionen à 2,5 Gy Einzeldosis; 
zusätzlich wurde bei jeder Fraktion ein simul-
tan- integrierter Boost mit 0,5 Gy appliziert, 
so dass im Boost-PTV (Planungszielvolumen) 
eine Dosis von 48 Gy in 16 Fraktionen erreicht 
wurde. Das primäre Zielkriterium war die 

Durchführbarkeit, definiert als Verabreichung 
von 48 Gy GD in 16 Fraktionen in mindestens 
22 d bis maximal 29 d Therapiezeit unter Ein-
haltung von Grenzdosen (Lunge, Herz, LAD, 
kontralaterale Brust); sekundäre Endpunkte 
waren Toxizität und Lebensqualität.
Ergebnisse.  Zwischen 07/2011 und 10/2012 
wurden 151 Patientinnen in 7 Prüfzentren re-
krutiert. Bei 10 Patientinnen wurden vor der 
Strahlentherapie Ausschlusskriterien festge-
stellt. Fast alle Patientinnen (99 %) erhielten 
die verschriebene Dosis im PTV. Grenzdosen 
und Zeitlimits wurden in 89 % (95 % CI 82 % 
bis 93 %) eingehalten. 11 unerwünschte Er-
eignisse wurden bei 10 Patientinnen gemel-
det; fünf in Verbindung mit gleichzeitiger en-

dokriner Therapie. In 2 Fällen wurde eine kau-
sale Beziehung zur Strahlentherapie angege-
ben: Grad-3-Hitzewallungen. Die Lebensqua-
lität blieb unverändert.
Schlussfolgerungen.  Die hypofraktionier-
te Bestrahlung mit simultan-integriertem 
Boost konnte in dieser multizentrischen Stu-
die in Praxen und Strahlenkliniken problem-
los durchgeführt werden. Die Verträglichkeit 
war in dieser Studie gut.

Schlüsselwörter
Mammakarzinom · Hypofraktionierung · 
Simultan-integrierter Boost · 
Durchführbarkeit · Toxizität 
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not be treated due to pending local ethi-
cal vote. Therefore, the intention-to-treat 
population consists of 141 patients. For 
all of these patients, the primary endpoint 
was evaluated. The per-protocol popula-
tion consisted of 125 patients, who re-
ceived the complete treatment within 22–
29 days and within dose constraints. Safe-
ty analyses considered 141 patients receiv-
ing at least one treatment application. ITT 
and safety populations did not differ. The 
flow of patients is shown in . Fig. 2.

The median age was 61 years (range 
33–87 years) at registration. Of the pa-
tients, 9% had nodal involvement and all 
patients were M0. The patient character-
istics are listed in . Tables 1 and 2.

Safety: toxicity and adverse events

Among the 141 patients starting hypo-
fractionated treatment with SIB, dose re-
duction or permanent treatment discon-
tinuation were never necessary in any pa-
tient. Treatment was completed after an 
interruption in three patients; interrup-
tions were due to concomitant medical 
problems, not to toxicity. Up to five pa-
tients were missing at regular interim as-
sessment visits. For these observations, 
the worst value seen in the respective pa-
tient was assumed.

The most frequent adverse reaction re-
ported in the period up to the end of ra-
diotherapy was skin toxicity in 68  pa-
tients (48 %), none of whom experienced 
grade 3 or 4, followed by pressure sensa-
tions on the breast in 11 patients (7.8 %), 
none grade 3 or 4. Any grade 3 or 4 ad-
verse reactions were grade 3 flushing ex-
perienced by 2 patients (1.4 %; . Table 3). 
Most cases of hot flushes existed before 
radiotherapy and were in part due to che-
motherapy. The development of skin tox-

Table 2  Baseline characteristics of the ITT 
population (n = 141)

n (%)

Comorbidity

Heart

Relevant 0 (0.0)

Not relevant 14 (12.3)

None 100 (87.7)

Lung

Relevant 0 (0.0)

Not relevant 6 (5.3)

None 107 (94.7)

Kidney

Relevant 0 (0.0)

Not relevant 2 (1.7)

None 111 (98.2)

Vascular

Relevant 0 (0.0)

Not relevant 21 (18.6)

None 92 (81.4)

Surgery for tumor resection

Simple 115 (81.6)

With oncoplasty 26 (18.4)

Axillary lymph nodes

Sentinel lymph node biopsy 112 (79.4)

Axillary dissection 28 (19.9)

No axillary staging 1 (0.7)

Tumor classification

pT clinical stage

T0 4 (2.8)

T1a 7 (5.0)

T1b 35 (24.8)

T1c 67 (47.5)

T2 27 (19.2)

T3 1 (0.7)

T4 0 (0.0)

pN nodal status

N0 128 (90.8)

N1mic 2 (1.4)

N1 11 (7.8)

M clinical stage

M0 137 (98.6)

M1 0 (0.0)

Unknown 2 (1.4)

Left breast cancer 74 (52.5)

Localisation

Upper outer 68 (49.6)

Upper inner 25 (18.3)

Lower outer 12 (8.8)

Lower inner 12 (8.8)

Central/retromamillary 16 (11.7)

Unknown 4 (2.9)

Table 2  continued

n (%)

Histological type

Invasive-ductal 111 (79.3)

Invasive-lobular 24 (17.1)

Other 5 (3.6)

EIC

None 57 (76.0)

Yes 7 (9.3)

Unknown 11 (14.7)

Estrogene receptor

Negative 14 (9.9)

Positive 81 (57.4)

Unknown 1 (0.7)

Progesterone receptor

Negative 20 (14.1)

Positive 72 (52.2)

Unknown 2 (1.4)

HER2-status

0 55 (42.6)

1+ 46 (35.7)

2+ 18 (14.0)

3+ 7 (5.4)

Unknown 3 (2.3)

Chemotherapy status

None 75 (56.4)

Pre-operative 8 (6.0)

Post-operative 50 (37.6)

Chemotherapy

FEC 21 (36.2)

FEC-Doc 16 (27.6)

TC 6 (10.3)

Others 15 (25.9)

Endocrine therapy status

None 17 (12.9)

Started 45 (34.1)

Planned 64 (48.5)

Unknown 6 (4.6)

Endocrine therapy

Tamoxifen 68 (69.4)

Aromatase inhibitors 29 (29.6)

Unknown 1 (1.0)

Bisphosphonate

None 82 (87.2)

Yes 0 (0.0)

Unknown 12 (12.8)

Radiotherapy technique

WBI

3D-CRT 42 (30)

IMRT 98 (70)

Boost

6 MeV photons only 70 (50)

Table 2  continued

n (%)

6 MeV photons and other 
photons

67 (48)

Photons and electrons 1 (0.7)

Unknown 1 (0.7)
Data presented as number of patients, with per-
centages in parentheses
EIC extensive intraductal component, RT radio-
therapy, 3D-CRT 3 dimensional conformal radio-
therapy, IMRT intensity modulated radiotherapy

649Strahlentherapie und Onkologie 7 · 2014  | 



icity over time is illustrated in . Fig. 3. 
Skin toxicity of grade 2 occurred in 22 % 
(95 % CI 11.7–38.1 %) of patients treated 
by 3D-CRT and 9 % (95 % CI 4.5–17.8 %) 
of patients treated with IMRT. Risk dif-
ference was 13 percentage points (95 % CI 
7–32 %). Chances of skin toxicity grade 2 
increased with tumor size by OR 1.03/
mm (95 % CI 1.01–1.05 %) in a logistic re-
gression. Other toxicities, mostly fatigue 
(n = 25), were observed in 67 patients at 
some point.

Eleven adverse events (AE) were re-
corded for 10/141 patients (6.5 %). AEs 
lasted a mean 25 days (range 4–65 days) 
and were resolved during treatment in 
8 AE and ongoing with no treatment nec-
essary in 3 AE. Longer follow-up on toxic-
ity is the primary focus of ongoing study. 
Intensity was moderate in 6 AE and se-
vere in 5 AE. No deaths were document-
ed. Two AE were caused by treatment, 
while this was improbable in 9 AE. Their 

distribution across system organ classes is 
shown in . Table 4.

Feasibility

The number of fractions was 16 in 141/141 
of patients (100 %). The administered 
dose to the whole breast was exactly per 
protocol (40 Gy) in 141/141 (100 %); the 
total dose in the boost volume was exact-
ly per protocol (48 Gy) in 139/141 (99 %) 
patients with slight deviations (47 Gy and 
46.7 Gy, respectively) in two patients.

Dose constraints were respected in al-
most all cases. The median dose in the 
heart was < 5 Gy in 141 of 141 patients 
(100 %), maximum dose to the heart was 
≤ 40 Gy in 135 of 141 patients (96 %). In 
the RIVA, median dose was < 15 Gy in 138 
of 141 patients (98 %) and maximum dose 
was ≤ 40 Gy in 140 of 141 patients (99 %). 
In all 141/141 patients (100 %), the medi-
an dose to the contralateral breast gland 
was < 3 Gy. A description of doses to or-
gans at risk is given in . Table 5. Dose in-
tensity and fractionation was per proto-
col and dose constraints were respected in 
130/141 patients (95 % CI 87–96 %). Frac-
tions were applied within time limits in 
128/141 of patients (91 %) with an overall 
treatment time of 22 days (the minimum 
time according to the protocol) in 83 cas-
es (59 %) and 23 days in 42 of 141 patients 
(30 %) across all settings. Composite end-
point feasibility was met in 125 of 141 pa-
tients (89 %) perfectly performed treat-
ments (95 % CI 82–93 %).

Feasibility with 3D-CRT, 81 % (34/42; 
95 %  CI 67–90 %), and IMBT, (90/98; 
95 %  CI 85–96 %) was comparable 
(95 % CI for the difference − 11 % from 
− 29 to 7 %). Doses to target volumes and 
organs at risk depending on radiothera-
py technique (3D-CRT vs. IMRT) did not 
differ significantly (. Table 5). Feasibility 
when the boost consisted of just 6 MeV 
photons was 87 % (95 % CI 77–93 %) and 
91 % (95 % CI 82–96 %) when other pho-
tons were used as well.

Quality of life

Quality of life remained largely unchanged 
by radiotherapy. The 95 % confidence in-
tervals for median change covered zero 
change for all 23 scales of QLQ-C30 and 

Screened (n = 392)

Registered (n = 151)

Excluded (n = 241)

Treated (ITT) (n = 141)

14-day observation complete (n = 139)

21-day observation complete (n = 136)

Final observation complete (n = 141)

Treated according to protocol (n = 125) Not treated according to protocol (n = 16)

7-day observation complete (n = 139)

∙  unknown reason (n = 99)
∙  no consent (n = 42)
∙  other RT used (n = 31)
∙  no boost needed (n = 29)
∙  unclear tumor bed (n = 6)
∙  seroma (n = 5)
∙  other reason (n = 27)

∙  withdrawal (n = 4)
∙  not meeting inclusion criteria (n = 2)
∙  not meeting exclusion criteria (n = 2)
∙  other reasons (n = 2)

∙  missing data in toxicity (n = 2)

∙  missing data in toxicity (n = 2)

∙  missing data in toxicity (n = 5)

∙  therapy time < 22d (n = 4)
∙  therapy time > 29d (n =1)
∙  total dose in PT-region ≠ 48Gy (n = 2)
∙  maximal heart dose > 40Gy (n = 6)
∙  maximal RIVA dose > 40Gy (n = 1)
∙  median RIVA dose ≥ 15Gy (n = 3)

not treated:
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Fig. 2 8 Flow diagram of patients in the study
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QLQ-BR23 save the one for breast symp-
toms (BR23), which improved slightly by 
8.33 (95 % CI 4.17–16.67 %) index points. 
Medians and 95 % confidence intervals 
for dimension scales before and after ra-
diotherapy are depicted in . Fig. 4.

Discussion

ARO 2010-01 is the first completed Ger-
man multicenter trial evaluating hypo-
fractionation in breast cancer. The prima-
ry endpoint of this phase II study was fea-
sibility, defined as application of 48 Gy in 
16 fractions within 22–29 days while re-

specting certain dose constraints. The 
prescribed dose per protocol was exactly 
administered in 99 % of patients; adher-
ence to dose constraints for heart, LAD, 
and contralateral breast was achieved in 
92 %. Protocol-conform therapy was fea-
sible for 125 patients or 89 %. One ran-
domized trial reported all of 69 evaluable 
patients completed radiotherapy; howev-
er, details of radiotherapy components 
were defined neither completely nor con-
clusively, and treatment lasted 22 days 
on average, ranging from 18 to 36 days 
[14]. The present study (with one more 
fraction) had essentially the same mean, 
22.6 days, and less variation: range 21–
32 days. The protocol allowed 3D-CRT or 
IMRT, but strict dose constraints not only 
for the ipsilateral lung and heart, but also 
for the contralateral breast had to be met. 
The majority of patients were treated by 
IMRT, but dose constraints were respect-
ed in comparable manner as with 3D-
CRT. This feasibility study lacked a con-
trol group, so that general conclusions are 
limited; another target population might 
have been sampled than in a randomized 
trial. We plan a randomized trial with the 
same inclusion and exclusion criteria.

The hypofractionated regimen was 
well tolerated in our study with no severe 
adverse events and a low number of mi-
nor adverse events which were mainly not 
related to radiotherapy. Hypofraction-
ation with SIB has been investigated in a 
few trials and appears to be safe and feasi-
ble with less lung toxicity in smaller stud-
ies [13–15]. Van Parijs et al. recently re-
ported the feasibility of a 3-week acceler-
ated schedule for 70 stage I–II breast can-
cer patients. In that monocenter random-
ized trial comparing conventional radio-
therapy (25 × 2 Gy/5 weeks plus sequen-
tial boost 8 × 2 Gy/2 weeks if BCS, cumu-
lative dose 66 Gy in 7 weeks) versus hypo-
fractionated tomotherapy (15 × 2.8 Gy in 
3 weeks plus SIB of 0.6 Gy if BCS, cumu-
lative dose 51 Gy in 3 weeks), skin toxic-
ities of grade ≥ 1 at 2 years were seen in 
60 % after conventional radiotherapy 
(CR) vs. 30 % of patients after accelerat-
ed tomotherapy (TT). Decrease in heart 
function of grade ≥ 1 (left ventricular ejec-
tion fraction) at 2 years were CR 4.8 % vs. 
TT 4.6 %, pulmonary function decrease 
was of grade ≥ 1 when defined by FEV1 
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change at 2 years in 21 % of CR vs. 15 % 
of TT and when based on DLco in 29 % of 
CR vs. 7.4 % of TT patients. Thus, the ex-
perimental hypofractionated TT arm with 
SIB did not show unexpected severe tox-
icity and confirmed feasibility with ten-
dency to less pulmonary toxicity. Chad-
ha et al. [13] compared acute toxicity of 
3-week hypofractionated accelerated WBI 
(15 × 2.7 Gy plus concomitant boost in 
15 × 0.3 Gy, cumulative dose 45 Gy) to a 
non-randomized group with convention-
al radiotherapy schedule (26 × 1.8 Gy plus 

sequential boost in 7 × 2.0 Gy, cumulative 
dose 60.8 Gy). The authors reported sim-
ilar results regarding skin toxicity (grade 
≥ 2 in 4 % of patients receiving accelerat-
ed RT vs. 24 % CR, not randomized) and 
breast pain with lower incidence in the ac-
celerated hypofrationated treatment. Peak 
skin erythema occurred 10–14 days after 
the end of hypofractionated treatment.

An additional finding of our study is 
the low dose to the heart and coronary 
artery, which is surely a consequence of 
modern treatment techniques rather than 

fractionation regimens although the 20 % 
reduction in total dose due to hypofrac-
tionation contributes in part. The issue of 
late cardiac toxicity has recently been ex-
tensively discussed after a publication in 
the New England Journal of Medicine [16]. 
In a population-based case-control study, 
mean heart dose was 4.9 Gy (range 0.03–
27.72 Gy) and rates of major coronary 
events increased linearly with mean heart 
dose (increase of relative risk 7.4 % per 
Gy) without an apparent threshold. How-
ever, that analysis refers to a time with 
older technologies in radiotherapy. Radi-
ation exposure in relevant areas should be 
lower now except for individual risk con-
stellations, e.g., involvement of paraster-
nal lymph nodes and their inclusion in-
to the PTV. In our investigation, the me-
dian heart dose was 1.46 Gy on average 
(range 0–4.6 Gy); such low doses bear on-
ly a minimal risk of cardiac side effects. 
Thus, our study confirms that the radia-
tion exposure of the heart is generally very 
low and within an acceptable range even 
in a multicenter setting if contemporary 
treatment techniques are used.

We are aware of the limitations of our 
study. We tested only feasibility defined as 
the adherence to the protocol criteria. Al-
though the study confirmed the feasibili-
ty and protocol compliance, we have lim-
ited data on acute and subacute toxicity as 
compared to conventional fractionation 
regimens and no data on long-term side 
effects. However, other studies have re-
ported lower acute side effects and a ten-
dency towards less late sequelae [13, 14].

In summary, our study has demon-
strated the feasibility of a combination of 

Table 3  Number (%) of patients with acute toxicities occurring during hypofractionation with 
SIB

Toxicity Grade Unkown Total

n (%) 0 1 2 3 4

Skin 70 (49.7) 59 (41.8) 12 (8.5) 0 (0) 0 (0) 0 (0) 141 (100)

 Due to irradiation 57 (40.4) 11 (7.8) 68 (48.2)

Vomiting 137 (97.2) 3 (2.1) 1 (0.7) 0 (0) 0 (0) 0 (0) 141 (100)

 Due to irradiation 1 (0.7) 1 (0.7)

Flushing 115 (81.6) 15 (10.6) 5 (3.6) 4 (2.8) 1 (0.7) 1 (0.7) 141 (100)

 Due to irradiation 3 (2.1) 1 (0.7) 2 (1.4) 6 (4.2)

Pain 128 (90.8) 9 (6.4) 3 (2.1) 1 (0.7) 0 (0) 0 (0) 141 (100)

 Due to irradiation 4 (2.8) 8 (5.7)

Pressure sensation 128 (90.8) 11 (7.8) 2 (1.4) 0 (0) 0 (0) 0 (0) 141 (100)

 Due to irradiation 9 (6.4) 2 (1.4) 11 (7.8)

Table 4  Incidence and maximum severity 
of adverse events by organ system (Med-
DRA classification)

System 
organ class

Not related Related

Moder-
ate

Severe Moder-
ate

Immune 
system

1

Endocrine 3 2 1

Gastroin-
testinal

1

General or 
at treat-
ment site

2 1

Table 5  Dose intensity (in Gy) in target tissue and risk regions according to technique

Dose All 141 patients 3D-CRT IMRT

Median Minimum Maximum Median Maximum Median Maximum

Total to PTV 
1 (boost vol-
ume)a

48 47.5 48 48 48 48 48

Total to PTV 
2 (whole 
breast)

40 40 40 40 40 40 40

Heart, 
median

1.4 0 4.6 1 3.2 1.7 4.6

Heart, 
maximum

28.4 0 43.5 28.4 43.5 27.3 40.5

Lung, ipsilat-
eral, median

2.5 0 7.9 2 7.9 2.7 6.9

Lung, ipsilat-
eral, maxi-
mum

45 0 48.8 42.8 47.8 45.7 48.8

RIVA median 0 0 38.8 2.0 38.8 0 8.1

RIVAa maxi-
mum

0 0 41 5.8 40 0 41

Contralateral 
breasta, me-
dian

0.1 0 41 0.0 1.4 0.3 2.1

3D-CRT three-dimensional conformal radiotherapy, IMRT intensity-modulated radiotherapy, PTV planning 
target volume, RIVA Ramus interventriculares anterior
aDose constraint applied
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hypofractionation with SIB. Although hy-
pofractionated treatment is discouraged 
at the moment, large ongoing random-
ized trials (IMPORT-HIGH and RTOG 
1005) hypothesize its efficacy is non-in-
ferior to current WBI schemes.

Conclusion

Hypofractionated radiotherapy with SIB 
after surgery for early stage breast can-
cer can be applied as planned while re-
specting dose constraints in all settings 
in all of Germany. It is experimental but 
warrants further investigation in ran-
domized trials.
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