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Short Communication

Three large trials on radiotherapy for early breast cancer: What did we
learn?
L.J. Boersma ⇑, L.H.P. Murrer
Maastricht University Medical Centre+, Dept. of Radiation Oncology (Maastro), GROW School for Oncology and Developmental Biology, Maastricht, the Netherlands

Recently, the results of three large trials (N > 1500 patients per
trial) were published, with data on cancer outcome and morbidity
in early breast cancer patients, investigating a variety of modern
de-escalating strategies: i.e. the DBCG Hypo trial with a moderate
hypofractionation (mHypo) scheme of 15 fractions/3 weeks [1], the
ultra-hypofractionation (uHypo) regimen of the FAST Forward (FF)
trial [2], i.e. 5 fractions/1 week, and finally the TARGIT-A trial [3],
with a single 20 Gy intra-operative (IORT) fraction applied with
50 kV, combined with an additional series of external beam radiation therapy to the whole breast (WBRT) if considered necessary
(Table 1 for an overview of the 3 studies). All trials reported on
their results after a follow-up of at least 5 years. It is wonderful
to realize that the local recurrence rates in early breast cancer have
become that low, that research can be aimed at treatment de-escalation, instead of burdening our patients with more intensive treatment to improve local control rates.
The FF and DBCG Hypo trials nicely fit in the de-escalating
strategies aiming to reduce the number of fractions: they investigated whether ‘‘normofractionation” (i.e. 2 Gy per fraction) can
safely be replaced by mHypo (2.67 Gy per fraction) to uHypo
(>5 Gy per fraction). The TARGIT-A trial combined application of
a single fraction with an extreme form of partial breast irradiation
(PBI). The TARGIT-A trial came with remarkable results, i.e. the
IORT-arm, in combination with WBRT in selected cases, yielded a
low 5-years recurrence rate of 2.11% (vs. 0.95% after standard
WBRT), a good cosmetic outcome, and remarkably, in less deaths
unrelated to breast cancer compared with the standard WBRT
arm [3]. Especially the last finding raises questions, since breast
cancer specific survival and overall survival were similar to the
WBRT group. In addition, this difference was not found in the TARGIT delayed trial, where the IORT was delivered at median 37 days
after lumpectomy. This reassuring finding supports the hypothesis
that the higher incidence of deaths unrelated to breast cancer in
the WBRT arm of the TARGIT-A is just a spurious finding [4]. Much
has already been said about the TARGIT-A results. Many radiation
oncologists have criticized the coverage of the target volume, since
the 50 kV device only delivers 7 Gy to 1 cm [3], whilst the consensus paper on target volume delineation for PBI reports that the target volume should be at least 2 cm around the tumour bed [5].
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Several others calculated that the observed local recurrence in
the IORT-TARGIT arm, corresponds very well with no radiotherapy
at all, supporting the thought that the 7 Gy to 1 cm depth does not
have any preventive effect on local recurrence [4,6]. Consequently,
on our strive for de-escalation, it seems more promising to focus on
hypofractionation strategies such as from the UK and DBCG group.
Moderate hypofractionation
The UK group has been investigating the feasibility of hypofractionation in a beautiful set of consecutive trials: they showed in the
START trials that mHypo yields similar local control rates and similar, or even less normal tissue toxicity as compared to normofractionation [7]. At the same time, a similar trial was performed in
Ontario [8], and found identical results. Nevertheless, since
hypofractionation in the early days had caused substantial late
normal tissue toxicity [9], mHypo was not yet widely adopted.
Therefore, the Danish group set up an additional similar trial comparing 15  2. 67 Gy vs 25  2 Gy [1]. They recently published their
first results, and showed that the 3-year breast induration with the
mHypo scheme was similar to or even less than the 25  2 Gy [1],
thereby confirming the START B trial and the Ontario trial. In addition, with 7-year f-up, the local recurrence rates were very low,
and similar to the 25  2 Gy.
For whole breast/chestwall radiotherapy for invasive cancer, it
can be concluded that ample level 1 evidence is available for
mHypo [1,7,8,10], and consequently several guidelines state that
mHypo can be considered standard of care in this situation, independent of age, breast cancer subtype [11] or margins [e.g. [12],
www.oncoline.nl].
For DCIS and regional nodal irradiation (RNI) however, the evidence is however somewhat weaker: most trials did not include
DCIS at all, and the DBCG Hypo only included 246 patients with
DCIS [1]. Consequently, the results of TROG trial (NCT00470236)
are eagerly awaited. In the TROG trial patients treated with BCT
for DCIS are randomized twice: first between normofractionation
and mHypo, and second between a boost and no boost to the
tumour bed. Radiotherapy departments could choose whether they
wanted to participate to both randomisations or only one. The trial
aimed to include 1608 patients and results are expected in 2024.
Data for mHypo in RNI are currently accumulating. In a small
subgroup analysis of the START trial, RNI already seemed to be safe
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Fast Forward

DBCG Hypo

Primary endpoint

5 yr IBTR

3 yr Gr2-3 breast induration

5 yr IBTR

Number of
hospitals

97

8

32

Recruitment
period

2011–2014

2009–2014

2000–2012

Inclusion criteria

> 18 yr, pT1–3, pN0–1, M0 Median size:
1.6 cm; <2% pT3; 80% pN0; 40% high risk (<50 yr or G3)

> 40 yr, pT1-2pN0-1mi Invasive BC or DCIS for which BCS.
82% T1, 20% G3, 80% pN0

> 45 yr, < 3.5 cm, cN0-N1 BC. 90% < 50 yr,
84% pT1, 20% G3, 78% pN0

Systemic
treatment

> 95% endocrine treatment ~ 25% chemotherapy

75% any systemic treatment

80% endocrine treatment 20% chemotherapy

Fractionation
schedules

40 Gy/15 fx/3 weeks vs 27 Gy/5 fx/1
week vs 26/5 fx/1 week

50 Gy/25 fx/5 weeks vs 40 Gy/15 fx/3 weeks

IORT 20 Gy +/- EBRT (3–6 weeks) vs EBRT (3–6 weeks)
only 20% received IORT and EBRT

Boost

25% yes: 10–16 Gy/5–8 fx, indication by physician

23% yes, boost of 10 Gy

Allowed, not clear which percentage and which dose

Target Volume

Whole Breast/Chestwall No RNI in case of pN1

Whole Breast

Tumor cavity vs Whole Breast

Specifications of
dose
distributions

PTV: V95% > 95% PTV: V105% < 5% PTV:
V107% <2% Dmax < 110%

Dose was usually prescribed to a mean volume.
The dose distribution was required to be 95%-107% (50 Gy)
and 95%-105% (40 Gy)

IORT: 5–7 Gy at 1 cm depth; EBRT: not given

N - randomisation

4096:1371 vs1 367 vs 1368 Stratification by RT
centre and risk group (high [age < 50 years or
grade 3] vs low [age  50 years and grade 1 or 2]).

1854 (246 DCIS): 937 vs 917 Randomisation was stratified by
institution, use of chemotherapy (yes vs no), use of RT boost
(yes vs no), and breast size measured by primary clinical target
volume of the breast (CTVp_breast; <> 600 mL).

2298:1140 IORT + 20% also EBRT vs 1158 : EBRT only

Local recurrence
rate

5 yr IBTR: 2.1% vs 1.7%, vs 1.4%

Median f-up 7.26 yrs. Number LRR: 19/814 vs 14/794

5 yr IBTR: 2.11% vs 0.95%

Overall survival
(OS)

5 yr OS: 93% for the whole group

9 yr OS: 93.4% both groups

Median f-up 8.6 yr: 110 vs 131 deaths

Normal tissue
effects (NTE)

5 yr moderate/marked NTE: 9.9%, 15.4%, 11.9%

3 yr induration: 11.8% vs 9% 5 yr induration: 13% vs 11%

Not reported in this paper

Cosmetic outcome

Photographs 2 yr mild or marked change:
8.5%, 15.6%, 10.8%

5 yr Patient-rated favorable outcome: 75% vs 80%

Not reported in this paper; earlier papers reporting on
small subsets < 10% of patients) suggest at least similar
cosmesis of TARGIT-A vs EBRT

IBTR: ipsilateral breast tumour recurrence; IORT: intraoperative radiotherapy; EBTR: external beam radiotherapy; RNI: Regional Nodal

Targit-A

Three large trials on hypofractionation

Table 1
Overview of the 3 recently published studies.

Radiotherapy and Oncology 156 (2021) 239–243

L.J. Boersma and L.H.P. Murrer

Table 2
Overview of variation in EQD2 for de Fast (28.5 Gy/5 fx), FF (26 Gy/5 fx), START (40 Gy/15 fx) and normofractionation schedules (50 Gy/25 fx). 2A The worst and best case scenario
per scheme was defined by calculating the lowest and highest relative therapeutic ratio (i.e. EQD2 tumour/EQD2 normal tissue) for the lowest and higherst limit of the 95% CI for
the a/b ratio, and for the time-factor/without application of a time-factor at all. In addition, the relative therapeutic ratio was determined for all schemes for the average estimates
of the a/b ratios and time factors. The time factor is applied as additional effect in Gy per day with respect to the 25  2 Gy in 35 days. For this calculation the overall treatment
time for the FF 26 Gy scheme was considered to be 7 days, for the FAST scheme to be 28 days, and for the START scheme 21 days. See also Fig. 1. 2B Lower and upper limits of the
95% confidence intervals for a/b ratios [2] and the time factors for tumour and normal tissue [176], applied to calculate the relative therapeutic ratio for Table 2A.
Table 2A
Applied a/b ratio (Gy) for tumour/
normal tissue

Applied timefactor (Gy/day) tumour/
normal tissue

EQD2
tumour

EQD2 normal
tissue

Relative therapeutic
ratio

Normofractionation

independent

independent

50 Gy

50 Gy

1

FF - average a/b ratio
Fast- average a/b ratio
START- average a/b ratio

3.7/1.7
3.7/1.7
3.7/1.7

0.6/0.14
0.6/0.14
0.6/0.14

57.4 Gy
51.2 Gy
53.2 Gy

52.4 Gy
58 Gy
49.3 Gy

1.10
0.88
1.08

FF – worst case – no
timefactor
Fast - worst case – no
timefactor
START-worst case- no
timefactor

7.1/1.2

No time factor

35.1 Gy

52.0 Gy

0.68

7.1/1.2

No time factor

40.1 Gy

61.5 Gy

0.65

7.1/1.2

No time factor

43.0 Gy

48.4 Gy

0.89

FF - worst case
Fast – worst case
START – worst case

7.1/1.2
7.1/1.2
7.1/1.2

No time factor/0.34
No time factor/0.34
No time factor/0.34

35.1 Gy
40.1 Gy
43.0 Gy

61.5 Gy
63.8 Gy
53.2 Gy

0.57
0.63
0.81

FF – best case
Fast – best case
START – best case

0.3/2.3
0.3/2.3
0.3/2.3

1.18/-0.09
1.18/-0.09
1.18/-0.09

95.2 Gy
82.6 Gy
68.2 Gy

42.8 Gy
52.4 Gy
45.0 Gy

2.22
1.58
1.52

Table 2B

a/b ratio
Time
factor

Tumour
Average
estimate
3.7 Gy
0.6 Gy/day

Normal Tissue
Lower limit of 95% CI
interval
0.3 Gy
0.10 Gy/day

Upper limit of 95% CI
interval
7.1 Gy
0.09 Gy/day

Average
estimate
1.7 Gy
0.14 Gy

Lower limit of 95% CI
interval
1.2 Gy
1.18 Gy/day

Fig. 1. Fractionation schedule with different assumptions for the a/b ratios and timefactor.
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Upper limit of 95% CI
interval
2.3 Gy
0.34 Gy/day

Three large trials on hypofractionation

would even be alarmingly high: for the FF and Fast scheme it would
be 95.2 Gy and 82.6 Gy for tumour respectively, and 61.5 Gy and
63.8 Gy for normal tissue. Fortunately, the clinical evidence shows
that this cannot be the case. Nevertheless, it illustrates that the
uncertainties in a/b ratios and in the value of the time factor have
the largest impact on the uHypo schemes, whereas the impact on
the EQD2 of the mHypo schemes is limited (68.1 Gy and 63.8 Gy
for tumour and normal tissue, respectively) (Table 2 and Fig. 1). Consequently, whereas uHypo in combination with a short overall treatment time potentially offers the highest benefits, it also yields the
highest risks. This is reflected in the wide range of therapeutic ratios
observed, which is 0.57–2.22 in FF as compared to 0.81–1.52 in
mHypo (Table 2 and Fig. 1). The results of the FF trial however, suggest that it is a safe approach. Nevertheless, confirmation of these
results in an independent similar trial would be welcome. Until such
a similar trial is available, one should either choose to implement the
FF scheme with careful prospective monitoring of the results, or
choose for the mHypo scheme, that can currently be considered as
conventional fractionation [19].
In conclusion, the currently extreme low risks on local
recurrence in early breast cancer, challenges the radiotherapy
community to develop new de-escalation strategies, which should
be tailored towards individual risks, e.g. based on biomarkers. One
of the de-escalating strategies is to reduce the number of fractions,
which is supported by a currently accumulating number of data on
hypofractionation. mHypo can now be considered standard for
local radiotherapy for invasive breast cancer and probably also
for RNI and for local radiotherapy of DCIS; uHypo is very promising
for local radiotherapy for invasive breast cancer, but should be
investigated further, especially for RNI and DCIS.

with respect to normal tissue toxicity [13]. The recently published
RCT from Wang et al [10] confirmed this finding and found that it
was also safe from an oncological point of view. Based on these
data and the progress made in treatment planning, such that hot
spots due to overlap of radiation fields resulting in ‘‘double-trouble” or ‘‘triple-trouble” effects can be prevented, mHypo for RNI
is currently being applied in several countries. A recent survey
showed however that 23% of respondents still considered RNI a
contraindication [14]. Several trials are currently ongoing to provide additional level 1 evidence for the safety of hypofractionation
for RNI (France (NCT03127995), the USA (NCT02700386,
NCT02958774),
Denmark
(NCT02384733),
and
Egypt
(NCT02690636)) with a total number of patients of to be included
of >4000 patients.
Ultra-hypofractionation
Although mHypo is now widely accepted, uHypo has been less
accepted until recently. The FF trial included >4000 pT1–3, pN0–1,
M0 breast cancer patients, and randomized between 40 Gy/15 fx/3
weeks, 27 Gy/5 fx/1 week or 26 Gy/5 fx/1 week. With a relatively
short follow-up of 5 years it was found that the tumour control
was similar between the three treatment arms, with possibly even
somewhat (not significant) higher tumour control in the uHypo
arms compared to the mHypo arm. The findings for normal tissue
effects (NTE) showed significantly worse NTE for the 27 Gy schedule compared to the mHypo arm, and similar or (not significant)
slightly worse for the 26 Gy arm compared to the mHypo arm. During the first weeks of the COVID-19 crisis, the results of the 26 Gy
FF-schedule were considered however sufficiently solid, to advise
that uHypo should be considered to reduce the risk of COVID-infection as a result of frequent radiotherapy contacts, especially in vulnerable patients [15]. Brunt et al [2] mentioned that they do not
expect much change in the FF results after 10 years, since the
10 year results of both START and FAST schemes were similar to
the 5 year results. Nevertheless, as stated by Offersen et al [1,16],
we should remain cautious, since the 26 Gy arm of the FF scheme
could mean a reduction in EQD2 from 44.7 Gy to 40.6 Gy (-9.2%) if
the a/b ratio for tumour is 3.7 Gy. In their calculations they did not
take into account a time factor [16], whereas Haviland et al [17] did
find a time factor of 0.6 Gy per day (95% CI 0.10–1.18 Gy per day)
for tumour tissue, and of 0.14 Gy per day for normal tissue (95% CI
0.09–0.34 Gy per day). If this time-factor is taken into account,
the 26 Gy FF scheme has an EQD2 of 57.4 Gy for tumour, and of
52.4 Gy for normal tissue, assuming an a/b ratio of 3.7 Gy for
tumour and of 1.7 Gy for NTE [2] (Table 2 and Fig. 1).
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