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Summary
Background: Adjuvant radiotherapy after breast-con-
serving surgery is indicated in the vast majority of breast
cancer patients. Conventionally fractionated radiother-
apy with 50 Gy in 25 fractions was considered standard
of care for several decades. The recently publishes long-
term results of randomized trials that have tested differ-
ent moderately hypofractionated radiotherapy schedules
that may change clinical practice. Patients and Methods:
A Pubmed search was carried out to identify the relevant
publications on hypofractionated radiotherapy in breast
cancer. In total, 4 randomized controlled trials represent-
ing the results of 7,095 patients with 10 years of follow-
up were identified. A meta-analysis on the primary end
point ipsilateral breast cancer recurrence and a review of
the toxicity data were performed. Results: Moderately
hypofractionated radiotherapy using schedules such as
40 Gy in 15 fractions administered within 3 weeks are as
efficient and safe as conventionally fractionated radio-
therapy for most breast cancer patients who need adju-
vant radiotherapy after breast-conserving surgery. In pa-
tients aged < 40 years, after neoadjuvant chemotherapy,
and if regional lymph node radiotherapy is indicated,
further data are needed. Conclusion: Moderately hypof-
ractionated radiotherapy can be recommended as stand-
ard treatment after breast-conserving surgery in the ma-
jority of breast cancer patients.

© 2015 S. Karger GmbH, Freiburg

Introduction

One of the important advances in the treatment of breast cancer
was the replacement of mastectomy by breast-conserving surgery
followed by adjuvant radiotherapy as standard treatment of early
breast cancer. Large clinical trials with a follow up of 20-30 years
have shown that this treatment is oncologically safe for the patients
and results in good to excellent cosmetic results in approximately
80% of patients [1-4]. Most patients in these trials received con-
ventionally fractionated radiotherapy typically consisting of 25
fractions of 2 Gy administered over 5 consecutive weeks. Hypof-
ractionated radiotherapy by definition uses a smaller number of
fractions and doses per fraction above 2 Gy. Early experiences on
hypofractionated radiotherapy were mainly available from post-
mastectomy radiotherapy trials, and reported a high rate of quite
devastating late radiation morbidity including severe fibrosis, plex-
opathy, and rib fractures [5-7]. In addition, experimental data in-
dicated that most tumors, including breast cancer, exhibit a low
fractionation sensitivity (high alpha/beta value) [8], whereas radia-
tion-induced late normal tissue damage exhibits a high fractiona-
tion sensitivity (low alpha/beta value) [9]. Consequently, hypofrac-
tionated radiotherapy was thought to be harmful to patients and
conventionally fractionated radiotherapy considered as standard of
care in most countries [10, 11]. However, retrospective data indi-
cated that the use of hypofractionated radiotherapy in 13-16 frac-
tions using 2.5-3.3 Gy per fractions to decreased total doses of
39-43 Gy is not associated with high radiation-induced acute and
late toxicity and seemed to result in local recurrence rates as low as
those achieved with conventionally fractionated radiotherapy in
the adjuvant setting [12-15]. These observations prompted re-
search groups first from Ontario and later from the United King-
dom to compare adjuvant hypofractionated radiotherapy to adju-
vant conventionally fractionated radiotherapy in preferentially
early breast cancer. Potential benefits of hypofractionated radio-
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therapy include improved convenience for the patients due to the
lower number of radiotherapy sessions, less acute skin toxicity as a
result of lower total doses, and lower costs for the healthcare
system.

Patients and Methods

Randomized trials on adjuvant hypofractionated radiotherapy in breast can-
cer were detected by performing a Pubmed search using the terms ‘(hypofrac-
tionated or hypofractionation or fraction size)” and ‘(radiotherapy or radiation
or irradiation)’ and ‘breast cancer’ limited to ‘randomized controlled trial’. The
search resulted in 21 hits. Considering only trials that had already published ef-
ficacy data and sufficient follow-up (> 5 years) yielded 4 trials [16-23] relevant
for this review and meta-analysis of efficacy. These 4 randomized controlled
trials tested different schedules of hypofractionated radiotherapy against con-
ventionally fractionated radiotherapy (50 Gy in 25 fractions in 3-5 weeks). The
expected effects of the different radiation schedules on normal tissues and
tumor according to the prediction of the radiobiological linear quadratic model
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Fig. 1. Prediction of effects on tumor and normal tissues expressed as 2 Gy
equivalent doses according to the linear quadratic model not considering re-
population. Conventional fractionation using 2 Gy per fraction (straight green
line) compared to the hypofractionated radiotherapy schedules used in the dif-
ferent randomized trials (curved lines).

are illustrated in figure 1. The START Pilot [17, 18] and START A [22] trials
compared conventionally fractionated radiotherapy each to 2 different 5-week
schedules of hypofractionated radiotherapy in a 1:1:1 design, whereas in the
Ontario trial [19, 20] and the START B trial [23], 3-week hypofractionated ra-
diation schedules were compared to conventional fractionation in a 1:1 design.
A consecutive conventionally fractionated boost radiotherapy to the tumor bed
was administered in none of the patients in the Ontario trial and in 43-75% in
the other trials. Further details of patients and treatments are provided in
table 1. Overall, the distribution of breast cancer characteristics in the trials was
quite typical for patients treated with breast-conserving surgery and adjuvant
radiotherapy, with the exception of the Ontario trial in which node-positive pa-
tients were excluded. About 5% of all patients received a mastectomy, and ap-
proximately 8% received regional lymph node radiation. The primary end point
of all trials was local tumor recurrence in the ipsilateral breast. Cosmetic out-
come was assessed by consecutive photographs and self-assessment in the
START trials and by the RTOG-EORTC Late Radiation Morbidity Scoring Sys-
tem in the Ontario trial. At the time of the latest reports, follow-up of approxi-
mately 10 years was completed in all trials. The risk of bias in the trials has al-
ready been assessed by a Cochrane systematic review [24] and attested a low
risk or unclear risk of bias for the most relevant biases, indicating an overall
satisfactory quality of the conduction and reporting of the trials. At the time of
the Cochrane systematic review, follow-up of the START A and B trials was
only 5 years. Outcome data with 10 years of follow-up have since been pub-
lished [16]. This prompted us to perform a literature-based meta-analysis using
the updated hazard ratios for the primary end point (ipsilateral breast cancer
recurrence) of these trials from the published material and employing a com-
mercial software package (MIX pro™, BiostatXL, Sunnyvale, CA, USA). For all
other end points, no formal meta-analysis was performed.

Results

Effects of Hypofractionated Radiotherapy on Breast Cancer

None of the trials reported a significant difference in the ipsilat-
eral breast recurrence rate for any of the tested hypofractionated
radiation schedules. However, trends towards increased local re-
lapse rates were observed in the 39 Gy in 13 fractions arms of the
START Pilot trial and the START A trial (cumulative hazard ratio
(HR) 1.26, 95% confidence interval (CI) 0.96-1.65; p = 0.096),
whereas in all other hypofractionated schedules a tendency to-
wards lower local relapse rates was detected (cumulative HR 0.86,

Table 1. Treatment

. Ontario START Pilot START A START B

and patient character-

istics Country Canada UK UK UK
Time of accrual 1993-1996 1986-1998 1998-2002 1999-2001
patients, n 1234 1410 2236 2215
Mastectomy 0% 0% 15% 8%
Standard-RT 50 Gy/25 fx in 5 we. 50 Gy/25 fx in 5 we. 50 Gy/25 fx in 5 we. 50 Gy/25 fx in 5 we.
Hypofract. RT (1) 42.5 Gy/16 fx in 3.1 we. 39 Gy/13 fx in 5 we. 39 Gy/13 fx in 5 we. 40 Gy/15 fx in 3 we.
Hypofract. RT (2) - 42.9 Gy/13 fx in 5 we. 41.6 Gy/13 fx in 5 we. -
Boost-RT 0% 74.5% (14 Gy/7 fx) 60.6% (10 Gy/5 fx) 42.6% (10 Gy/5 fx)
Regional-RT 0% 20.6% 14.2% 7.3%
Mean age 50-59 years 54.5 years 57.2 years 57.4 years
LN positive 0% 32.7% 28.8% 22.8%
Tumor size >=T2 20.0% 42.5% 48.6% 35.9%
Adjuvant CHX 11.0% 13.9% 35.5% 22.2%

RT = radiotherapy; fx = fractions; LN = lymph nodes; we. = weeks; CHX = chemotherapy; Ontario [19, 20], START Pilot

[17, 18], START A [16, 22]and B [16, 23]
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Table 2. Meta-analy-

. . . Trial Dose, Gy HEX, HEX vs. CF, Recurr Recurr HR CL- CL+ p Weight,
sis of randomized trials
. weeks n HFX at CF at %
comparing hypofrac-
. ‘ 10y,% 10y, %
tionated radiotherapy
to conventionally frac-  GTART Pilot [17]  42.9vs.50 5 466 vs. 470 9.6 12.1 086 057 130 047 17
tionated radiotherapy  grART pilot [17] 39 vs. 50 5 A74vs. 470 148 12.1 133 092 192 013 21
(fixed effects model) START A [23] 41.6vs.50 5 750 vs. 749 5.6 6.7 091 059 138 066 16
START A [23] 39 vs. 50 5 737 vs.749 8.1 6.7 1.18 0.79 1.76 0.42 18
START B [23] 40 vs. 50 3 1,110 vs. 3.8 5.2 0.77 0.51 1.16 0.21 17
1,105
Ontario [19] 42.5vs. 50 3 622 vs. 612 6.2 6.7 0.92 0.55 1.52 0.75 11
Total 7,095 8.4 8.5 1.00 0.84 1.18 0.96 100

HEX = Hypofractionation; CF = conventional fractionation; Recurr = ipsilateral breast cancer recurrence; at 10y = after 10-year
follow-up; HR = hazard ratio; CL- = lower 95% confidence limit of the HR; CL+= upper 95% confidence limit of the HR.

95% CI 0.69-1.06; p = 0.163), probably as a consequence of slightly
higher prescribed total doses. In cumulative synthesis of the HRs of
all trials using the fixed effects model, hypofractionated and con-
ventionally fractionated adjuvant radiotherapy after breast-con-
serving surgery were iso-effective (HR 1.00) (table 2). The absolute
ipsilateral recurrence rates varied considerably between trials rang-
ing from 3.8 to 14.8% for hypofractionated radiotherapy and from
5.2 to 12.1% for conventionally fractionated radiotherapy (table 2).
The noticeably higher ipsilateral recurrence rates in the START
Pilot trial are most likely a consequence of the higher frequency of
node-positive patients in this trial (33%) in conjunction with the
infrequent use of adjuvant chemotherapy (14%), which was not
unusual at the time of recruitment (1986-1998). Subgroup analyses
on ipsilateral breast recurrences are available from the Ontario and
the START A and B trials. In the 2010 analysis of the Ontario trial,
patients with high-grade tumors had significantly less ipsilateral
breast recurrences in the standard fractionation arm, whereas a re-
verse trend was observed for patients with low- and intermediate-
grade tumors. This relationship was not found in the START A
and B trials and not confirmed in an updated analysis of the On-
tario trial after implementation of a central pathological review in
989 of 1,234 patients [25]. Tumor size, lymph node involvement,
hormone receptor status, age, adjuvant chemotherapy, and adju-
vant endocrine therapy were not differently influenced by the frac-
tionation of radiotherapy.

Overall survival was not the primary end point in any of the tri-
als but was reported from all trials. No difference in overall survival
was reported from the Ontario, START Pilot, and START A trials;
however, significantly better overall survival to an absolute rate of
3.3 at 10 years was observed in the START B trial (HR 0.8, 95% CI
0.65-0.99; p = 0.042). The improved survival is probably a conse-
quence of the significantly lower distant metastasis rate in the hy-
pofractionated arm of this trial (absolute +3.7%) (HR 0-74, 95% CI
0.59-0.94; p = 0.014). In theory, this observation could be a result
of the 2-week shorter overall treatment time in the hypofraction-
ated arm (3 vs. 5 weeks). However, in the Ontario trial that also
used a 2-week shorter radiotherapy schedule in the hypofraction-
ated arm, no trend toward an improved survival was seen.

242 Breast Care 2015;10:240-245

Effects of Hypofractionated Radiotherapy on Normal Tissues

Data on acute skin toxicity are available from the START A and
B trials and cumulatively analyzed in a Cochrane review [24]. Al-
though acute skin toxicity is mild in most patients regardless of the
fractionation schedule used, the risk of a more pronounced skin
reaction was considerably lower in the arms with hypofractionated
radiotherapy (risk ratio 0.21, 95% CI 0.07-0.64; p = 0.0067). At the
time of the publication of the Cochrane review, data on late radia-
tion-induced toxicity and cosmetic results were not systematically
available from the START A and B trials. Accordingly, the results
of the Cochrane review that did not detect any significant differ-
ence in the overall incidence of late effects comparing the tested
hypofractionated and conventionally fractionated radiation sched-
ules have to be interpreted with caution. Since then, data on late
radiation-induced effects have been published from all trials with a
quite sufficient follow-up of 10 years. The results are summarized
in the supplemental table (www.karger.com/?DOI=439007). 39 Gy
in 13 fractions administered within 5 weeks was tested in the
START Pilot and START A trials, and induced significantly less
late toxicity in both trials for most documented late effects. 43.9 Gy
in 13 fractions within 5 weeks in the START Pilot trial was associ-
ated with a significantly higher frequency of marked changes in
breast appearance and breast induration compared to conventional
fractionation. This prompted the START trialists to lower the dose
to 41.6 Gy in 13 fractions in START A. This latter regimen did not
differ in terms of any documented late effects in comparison to
conventionally fractionated radiotherapy (supplemental table;
www.karger.com/?DOI=439007). The same is true for the compar-
ison of treatment arms using different end points in the Ontario
trial. 40 Gy in 15 fractions administered as experimental arm of the
START B trial proved to be significantly less toxic in terms of
breast shrinkage, breast edema, and the development of teleangiec-
tasia at 10 years after treatment (supplemental table; www.karger.
com/?DOI=439007). The number of events for all other relevant
late toxicities such as heart disease, rib fractures, lung toxicities,
plexopathy, and development of second cancers was low in all arms
of all trials, indicating no difference between hypofractionated and
conventionally fractionated radiotherapy.
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Discussion

General

The results of the 4 large randomized trials comparing conven-
tionally fractioned adjuvant radiotherapy (50 Gy/25 fractions in 5
weeks) in breast cancer to moderately hypofractionated radiother-
apy with a reduction in the total dose by approximately 10% (39-
42.9 Gy/13-16 fractions in 3-5 weeks) indicate that hypofraction-
ated radiotherapy can be safely used in most breast cancer patients.
Fears that hypofractionated radiotherapy could result in an unac-
ceptably high rate of late radiation-induced toxicity were not con-
firmed [5-7]. The follow-up of 10 years in the trials is long enough
to most likely exclude considerable changes in outcomes with
longer follow-up. The late toxicity in the START trials may not
have been evaluated with the optimal tools, but can be regarded as
sufficient to exclude that relevant toxicities were not detected.

A detailed evaluation of the results indicates that not all tested
hypofractionated regimens are equally suitable for clinical use. Al-
though 39 Gy in 13 fractions was shown to be associated with less
acute and late toxicity compared to conventionally fractionated ra-
diotherapy, one has to keep in mind that a trend towards slightly
increased ipsilateral breast cancer recurrences was observed in both
trials (START Pilot and START A) testing this regimen. Conse-
quently, 39 Gy in 13 fractions should not be preferentially used. The
same applies for the use of 42.9 Gy in 13 fractions, since this sched-
ule resulted in significantly increased late toxicity. The remaining
schedules, 40 Gy in 15 fractions, 42.5 Gy in 16 fractions, and 41.6
Gy in 13 fractions, are all suitable for routine clinical use; however,
the most favorable observations were reported for the START B
regimen. 40 Gy administered in 15 fractions of 2.67 Gy within 3
weeks resulted in significantly less acute and late toxicity and was
associated with a trend towards a lower rate of ipsilateral breast re-
currence. In addition, a significantly reduced distant metastasis rate
and significantly improved overall survival were reported from this
regimen. Although the START trialists themselves do not claim a
causal relationship between the use of hypofractionation and the
observation of a lower distant metastasis rate and improved survival
[16], in view of no significant differences in local tumor control and
no trend towards the same relationship in the similarly designed
Ontario trial [19] one cannot entirely exclude a beneficial effect as
the result of the substantially shorter overall radiotherapy treatment
time. Since the 3-week schedule is also more convenient for most
patients, the START B regimen should be the preferred schedule.

The question arises whether hypofractionated radiotherapy
should be used as the preferred schedule for adjuvant radiotherapy
in all breast cancer patients. Patients below 40 years, with locally
advanced breast cancer, and those having undergone mastectomy
were not well represented in the hypofractionation trials. Conse-
quently, some national treatment guidelines do not recommend
hypofractionated radiotherapy for these patients [26-28], whereas
others do [29]. From a radiobiological point of view, it is unlikely
that hypofractionated radiotherapy in younger patients or patients
after mastectomy or those with locally advanced cancer would re-
sult in substantially different outcomes.

Hypofractionated Radiotherapy in Breast Cancer

Chemotherapy

Adjuvant chemotherapy was administered in approximately
1,600 patients in the hypofractionation trials. Subgroup analyses
from the START A and B [16] trials did not give any indication
that hypofractionation should not be employed if adjuvant chemo-
therapy is given. None of the patients in the trials on hypofraction-
ated radiotherapy received neoadjuvant chemotherapy. Whether
the use of hypofractionated radiotherapy after neoadjuvant chemo-
therapy is safe for the patients, is formally unknown, and it is
therefore not generally recommended in this situation. However,
no substantial change in the fractionation sensitivity of tumors and
normal tissues induced by chemotherapy was observed in both ex-
perimental and clinical data [30, 31] indicating that hypofraction-
ated radiotherapy is probably also safe in this clinical setting. Fur-
ther well documented clinical observations are needed to confirm
the safety of hypofractionation after neoadjuvant chemotherapy.

Anti-HER2 Therapy

Trastuzumab and other drugs targeting the HER2 receptor were
not clinically available during the accrual time of the trials on hy-
pofractionated radiotherapy. Trastuzumab can be safely used after
or concurrently with conventionally fractionated radiotherapy
after breast-conserving surgery or mastectomy [32] at least if no
radiotherapy for the treatment of the internal mammary chain
lymph nodes is administered. In the palliative setting, trastuzumab
was administered in combination with hypofractionated radiother-
apy in different clinical situations [33-35]. No relevantly enhanced
acute or late toxicity has been reported. Keeping in mind the lim-
ited long-term follow-up in the palliative setting and the lack of
data with hypofractionated radiotherapy in combination with tras-
tuzumab in the curative setting, cautious use of hypofractionated
radiotherapy is appropriate before data on long-term outcome are
available.

Regional Radiotherapy and Cardiac Toxicity

Radiotherapy to the supra/infraclavicular and axillary regional
lymph nodes was administered in 583 patients in the hypofraction-
ated arms of the 4 randomized trials. Shoulder stiffness and edema
of the arm were not more frequently reported after hypofraction-
ated radiotherapy compared to conventionally fractionated radio-
therapy (table 3 a and b). 1 case of brachial plexopathy was re-
ported after 41.6 Gy in 13 fractions out of 211 treated patients in
the START A trial. Keeping in mind that brachial plexopathy may
manifest itself as late as 30 years after radiotherapy and that at 10
years approximately 75% of the final incidence of plexopathy is
reached [6], one can calculate the worst case upper 95% confidence
limits for plexopathy at 30 year after hypofractionated radiother-
apy at < 6% for the START A and < 8% for the START B regimens.
Although it is unlikely that these worst-case-scenario incidences
will ever be observed, hypofractionated radiotherapy of the supra/
infraclavicular lymph nodes should be used with caution before
further evidence is available. If used in the current situation, the 40
Gy in 15 fractions regimen should be preferred, and overdosing at
the brachial plexus structures should be avoided. No long-term
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Table 3. Consensus recommendation of the AGO and DEGRO for hypo-
fractionated adjuvant radiotherapy for invasive breast cancer (whole-breast

irradiation)

< 40 years conventional RT (25-28 fractions) with integrated or
sequential boost

40-65 years conventional RT with integrated or sequential boost, or
hypofractionated RT with sequential boost

> 65 years low risk: consider hypofractionated RT without boost
(15-16 fractions)
high risk: RT as for 40-65 years; in elderly patients individual
counseling including omission of radiotherapy according to
individual risk after geriatric assessment

Any age if radiotherapy of the regional lymph nodes is included,

conventionally fractionated RT (25-28 fractions)

RT = radiotherapy.
www.ago-online.de/fileadmin/downloads/leitlinien/mamma/maerz2015/en/
2015E_13_Adjuvant_Radiotherapy.pdf

data is available on hypofractionated radiotherapy to the internal
mammary chain lymph nodes. The low doses and volumes applied
with typical tangential radiotherapy after breast-conserving sur-
gery or mastectomy as used in hypofractionation trials were not
associated with any evidence of more frequent heart toxicity in the
hypofractionated arm of the trials. As visualized in figure 1, using
the 40 Gy in 15 fractions regimen, fractionation sensitivities for
heart and lungs have to be assumed equivalent to alpha/beta ratios
of below 0.75 Gy to predict more harmful effects of hypofractiona-
tion compared to conventional fractionation. The current knowl-
edge [36, 37] suggests higher alpha/beta ratios for heart and lungs
indicating that hypofractionation is in theory save. However, this
has to be substantiated by clinical data, especially since many breast
cancer patients receive potentially cardiotoxic drugs such as an-
thracyclines and trastuzumab.

Large Breasts

Radiotherapy of large breasts (> 1,800 ml) results in a larger
dose inhomogeneity compared to smaller breast. Consequently,
the risk of an overdose to some parts of the breast volume is higher
in large breasts. The question arises whether this overdose is more
critical if hypofractionated radiotherapy is used. Models (not
shown) of overdoses using the 40 Gy in 15 fractions regimens com-
pared to 50 Gy in 25 fractions schedules predict that even for vol-
umes that receive 1.5-times higher doses than prescribed, 40 Gy in
15 fractions is less critical for normal tissues as long as the frac-
tionation sensitivity of the normal tissue can be describes with an
alpha/beta ratio of > 1 Gy. The lower 95% limit of the alpha/beta
ratio for adverse effects regarding breast appearance calculated for
the START A and B trials was 2.0 Gy, indicating that large breast
volume should not be an exclusion criterion for hypofractionated
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adjuvant radiotherapy in breast cancer. In addition, modern treat-
ment planning including the use of intensity-modulated radiother-
apy in breast cancer are able to limit the problem of overdoses in
large breasts.

Integrated Boost and Extreme Hypofractionation

Hypofractionated radiotherapy with integrated simultaneous
boost radiotherapy is currently being tested in randomized trials.
Early results of phase II trials indicate that acute toxicity is not en-
hanced and that ‘early late toxicity’ is also low [38]. However, radi-
obiological models show that hypofractionation with integrated si-
multaneous boost could result in more late effects or less effect at
the tumor depending on the tested fractionation schedule. Hypof-
ractionated radiotherapy with integrated simultaneous boost re-
mains experimental and should not be used outside clinical trials.
The same is true for the use of extremely hypofractionated radio-
therapy using only 5 fractions of 5.7-6.0 Gy to total doses of 28.5
Gy or 30 Gy in 4 weeks. These schedules were tested by the UK
FAST trialists. The 5x6 Gy schedule has already been stopped be-
cause of severe late effects, whereas the results of the 5x5.7 Gy
schedule are pending [39].

Conclusion

In conclusion, moderately hypofractionated radiotherapy using
schedules such as 40 Gy in 15 fractions administered within 3
weeks has been shown to be as efficient and safe as conventionally
fractionated radiotherapy for most breast cancer patients who need
adjuvant radiotherapy after breast-conserving surgery. In patients
younger than 40 years, after neoadjuvant chemotherapy, and if re-
gional lymph node radiotherapy is needed, cautious use is still rec-
ommended. The AGO (German Gynecological Oncology Working
Group) and the DEGRO (German Society for Radiotherapy and
Oncology) recently published a consensus guideline for the use of
hypofractionated radiotherapy in breast cancer, which is summa-
rized in table 3.

Supplemental Material
Supplemental Table. Late effects

To access the supplemental table, please refer to www.karger.com/?
DOI=439007.
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