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a b s t r a c t

Background and purpose: Randomised trials testing 15- or 16-fraction regimens of adjuvant radiotherapy
in women with early breast cancer have reported favourable outcomes compared with standard fraction-
ation. To evaluate hypofractionation further, two 5-fraction schedules delivering 1 fraction per week have
been tested against a 25-fraction regimen.
Materials and methods: Women aged P50 years with node negative early breast cancer were randomly
assigned after microscopic complete tumour resection to 50 Gy in 25 fractions versus 28.5 or 30 Gy in
5 once-weekly fractions of 5.7 or 6.0 Gy, respectively, to the whole breast. The primary endpoint was
2-year change in photographic breast appearance.
Results: Nine hundred and fifteen women were recruited from 2004 to 2007. Seven hundred and twenty-
nine patients had 2-year photographic assessments. Risk ratios for mild/marked change were 1.70 (95% CI
1.26–2.29, p < 0.001) for 30 Gy and 1.15 (0.82–1.60, p = 0.489) for 28.5 Gy versus 50 Gy. Three-year rates
of physician-assessed moderate/marked adverse effects in the breast were 17.3% (13.3–22.3%, p < 0.001)
for 30 Gy and 11.1% (7.9–15.6%, p = 0.18) for 28.5 Gy compared with 9.5% (6.5–13.7%) after 50 Gy. With a
median follow-up in survivors of 37.3 months, 2 local tumour relapses and 23 deaths have occurred.
Conclusion: At 3 years median follow-up, 28.5 Gy in 5 fractions is comparable to 50 Gy in 25 fractions,
and significantly milder than 30 Gy in 5 fractions, in terms of adverse effects in the breast.

� 2011 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 100 (2011) 93–100

The traditional model of fractionation sensitivity assumes tu-
mours to be relatively unresponsive to fraction size compared with
late reacting normal tissues [1]. Sensitivity to fraction size is con-
veniently described by the a/b value, which is relatively high
(P6 Gy) for many squamous carcinomas and early responding nor-
mal tissues compared to late responding normal tissues (a/b values
<6 Gy). This relationship does not apply to all tumour types, with
evidence that adenocarcinomas of the breast and prostate are more
sensitive to fraction size than previously thought [2]. An a/b value
of 4–5 Gy was first estimated for locally advanced and recurrent
breast cancer by Douglas in the mid-1980s based on clinical data
published by Cohen in early 1950s [3,4]. A recent estimate of
4.6 Gy (95% CI 1.1–8.1) was reported for the fractionation sensitiv-
ity of breast cancer in the adjuvant setting, based on combined re-
sults of the START pilot and START A randomised trials [5,6]. The
results of the Ontario and START B trials evaluating fractions of
2.67 Gy are consistent with this estimate [7,8]. If true, there is no
advantage in using 62.0 Gy fractions, which are as gentle on the
cancer as on the dose-limiting normal tissues. There are obvious
advantages in terms of convenience and cost to patients prescribed

fewer fractions of radiotherapy. If treatment time is shortened,
there may also be benefits in terms of tumour control.

Five fractions of 5.7 or 6.0 Gy are predicted by the linear qua-
dratic model to be equivalent to 25 fractions of 2.0 Gy, assuming
values for a/b of 3.0 and 4.0 Gy, respectively [9]. Based on early
and late human skin responses, the linear-quadratic model appears
to perform reliably over this range of radiation fraction sizes [10].
There is limited human experience of once-weekly fractionation in
breast cancer radiotherapy based on 6.5 Gy fractions to the breast
reported by French colleagues. In 115 patients undergoing primary
radiotherapy for non-metastatic breast cancer, five once-weekly
doses of 6.5 Gy to the whole breast (reference point unspecified)
were followed in 101 women by 1–3 tumour bed boost doses of
6.5 Gy [11]. Late effects, most commonly induration, were classi-
fied as grade 1 in 19 cases, grade 2 in 21 cases and grade 3 in 6 pa-
tients at a median of 41 months. In another French series, 50
patients were given 5 once-weekly fractions of 6.5 Gy to the whole
breast as adjuvant therapy after breast conservation surgery, with-
out a tumour bed boost dose [12]. Grade 1 or 2 induration was re-
ported in 33% of the patients at a median follow up of 93 months
(range 9–140), and no grade 3 or 4 effects were reported. Assuming
an a/b value of 3 Gy for late adverse effects, 5 fractions of 6.5 Gy
are equivalent to 62 Gy in 2.0 Gy fractions, a high dose intensity
in the adjuvant setting. These data are encouraging, in terms of
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safety, but randomised trials are needed to formally test fraction
sizes in the range of 5.0–6.0 Gy. Against this background, the ran-
domised FAST Trial was conducted, comparing 5 once-weekly frac-
tions of 5.7 Gy and 6.0 Gy against 25 daily fractions of 2.0 Gy in
terms of late normal tissue effects and tumour control, in women
prescribed whole breast radiotherapy (no boost) after local exci-
sion of early breast cancer. Once-weekly fractions were chosen to
minimise confounding by differences in treatment time. Two test
dose levels were chosen to allow interpolation, if necessary, in or-
der to identify a 5-fraction regimen iso-effective with the control
schedule.

Materials and methods

Patients

The trial was open to women with early stage breast cancer and
favourable prognostic features including age P50 years, invasive
carcinoma, breast conserving surgery, pathological tumour size
<3.0 cm, complete microscopic resection of tumour and negative
axillary node status established by appropriate surgical staging.
Patients with oestrogen positive tumours were eligible for adju-
vant endocrine therapy. Exclusion criteria included mastectomy,
lymphatic radiotherapy, tumour bed boost dose and neoadjuvant
or adjuvant cytotoxic therapy. Patients were recruited from 18
UK radiotherapy centres.

Eligible patients were randomised after written informed con-
sent in a 1:1:1 ratio to 50 Gy in 25 fractions of 2.0 Gy (Control group)
versus 30 Gy in 5 fractions of 6.0 Gy (Test group 1) versus 28.5 Gy in
5 fractions of 5.7 Gy (Test group 2), all over 5 weeks. Randomisation
was performed by telephone or facsimile from the recruiting centre
to the Clinical Trials and Statistics Unit, Institute of Cancer Research
(ICR-CTSU), Sutton. Treatment allocation used computer-generated
random permuted blocks stratified by participating centre. Treat-
ment allocation could not be blinded due to the nature of the inter-
vention (i.e. different radiotherapy schedules).

All patients provided written informed consent. FAST (CRUKE/
04/015) was approved by the national South-West Multicentre Re-
search Ethics Committee (04/MRE06/17) and the local ethics com-
mittees of all participating centres. Our trial was sponsored by The
Institute of Cancer Research and undertaken in accordance with
the principles of Good Clinical Practice. This study is registered
as an International Standard Randomised Controlled Trial, number
ISRCTN62488883.

Radiotherapy

There were no constraints on breast size written in the protocol.
Patients lay in the same supine position, typically on an inclined
plane, for treatment planning, simulation and treatment. Some
form of immobilisation device, such as a breast board, was highly
recommended, and reproducibility of the position was verified by
orthogonal laser beams. The clinical target volume included the
soft tissues of the whole breast down to the deep fascia, but did
not include underlying muscle and ribcage, nor overlying skin
and excision scar. The planning target volume (PTV) included the
entire breast with 1 cm margin to visible and palpable breast tis-
sue. Medial and lateral borders did not normally extend beyond
the anterior midline or the mid-axilla. These margins were reduced
in selected patients to minimise the volume of heart and/or lung in
the high dose zone, provided the tumour bed was not excluded.
The deep margin extended down to the deep fascia, but the treat-
ment volume inevitably included the underlying pectoralis major
muscle and ribcage.

Transverse cross-sections of the patient were taken through the
centre of the PTV, using computerised tomography where avail-

able; otherwise, accurate external contours were acceptable. The
maximum thickness of lung included in the tangential field was
2.0 cm, defined by computerised tomography or simulator. Cardiac
shielding was introduced using a multileaf collimator, or other
shielding technique, whenever appropriate. The dose distribution
across the PTV was modified in accordance with ICRU guidelines
[13,14]. If the maximum dose was >107%, full dose compensation
was introduced. Doses were prescribed to the reference point at
or near the centre of the target volume. This point was half-way
between the lung surface and the skin surface on the perpendicular
bisector of the posterior beam edge. Maximum and minimum
doses were also recorded, and the difference between these could
be no more than 10% on the central plane. Megavoltage photons
were required in all patients, most commonly 6 MV, recognising
that tangential fields with large baseline separations might be best
encompassed with 8–10 MV energies.

Outcome assessment

The primary endpoint was change in photographic breast
appearance, and secondary endpoints included clinical assess-
ments of radiation-induced changes in the breast, and local tumour
control, the latter endpoints recorded via a case report form com-
pleted annually for each patient.

Photographic assessments were planned at baseline and at
years 2 and 5. Two frontal views of the chest were taken, one with
hands on the hips and the other with hands raised as far as possible
above the head. Change in breast appearance compared with the
post-surgical (pre-radiotherapy) baseline was scored on a three-
point graded scale (corresponding to none, mild and marked
change), based on changes in size, shrinkage and shape. No further
photographs were taken in patients who had relapsed, as change in
photographic breast appearance from the pre-radiotherapy base-
line would be unevaluable following further treatment. Breast size
and surgical deficit were scored from the baseline photographs on
arbitrary three-point graded scales (small, medium and large). As a
rough guide, the 3 grades of breast size correspond to breast vol-
umes in the range <500, 500–1000 and >1000 cubic centimetres,
respectively. Surgical deficit represents the reduction in breast size
as a result of the primary surgery; the 3 grades of surgical deficit
correspond to subtle or no visible difference in the size of each
breast, a difference that would not be obvious when wearing tight
clothing and a difference that would be obvious in tight clothing,
respectively. All photographs were scored by three observers blind
to patient identity and treatment allocation; the procedures for
this scoring mechanism were established in the START Trials
[15]. Late-occurring adverse tissue effects (including breast shrink-
age, induration, telangiectasia, breast oedema, symptomatic rib
fracture, symptomatic lung fibrosis and ischaemic heart disease)
were assessed by physicians at the annual follow-up visits, and
graded on a 4-point scale (none, a little, quite a bit and very much),
as in the START Trials. There was no blinding to randomised treat-
ment allocation in the physician assessments. No patient self-
assessments were included in the trial protocol, partly for resource
reasons, but also because the study was designed as a dose-finding
study for a future phase 3 trial.

Clinical assessments of acute skin toxicity were added to the
trial data collection part-way through accrual, hence are not avail-
able for all trial patients. Data on early skin reactions were col-
lected over the treatment period and the maximum score
recorded using the RTOG graded scale (0 = no visible change;
1 = faint/dull erythema; 2 = tender/bright erythema ± dry desqua-
mation; 3 = patchy moist desquamation; 4 = confluent moist des-
quamation, pitting oedema) [16].

Tumour relapse and new ipsilateral primary tumour required
confirmation by pathological assessment. Ipsilateral local tumour

94 Breast hypofractionation trial



Author's personal copy

relapse was defined as a cancer originating in the ipsilateral breast
parenchyma and/or overlying skin. The following events were also
recorded: regional metastases (axilla, supraclavicular fossa and
internal mammary chain), haematogenous metastases (only de-
tails of the first relapse recorded) and death.

Sample size

Using results from the START pilot trial [5], an average 2-year
rate of mild or marked change in photographic breast appearance
for the test groups of 20% was assumed. Randomisation of 900
patients (300 per treatment group) would allow an absolute
10% difference in the probability of a change in photographic
breast appearance between test dose levels to be detected with
90% power at the 5% significance level (2-sided test). Assuming
linearity between the two dose levels of the test groups, the anal-
ysis would also allow interpolation (and limited degrees of
extrapolation if necessary) to determine the experimental sche-
dule equivalent to daily fractions of 2.0 Gy. The estimate of sam-
ple size allowed for 10% loss to follow-up/unevaluable.

Statistical methods

Scores from the 2-year photographic assessments of change in
breast appearance and the assessments of acute skin toxicity
were compared between pairs of trial treatment groups using
the v2 test and v2 test for trend. The endpoint of any change in
photographic breast appearance was defined as mild or marked
change versus none. In the START pilot trial and START trials,
the 2-year outcome data proved to be a reliable predictor of rel-
ative effect at time-points up to at least 5 years [6,7,17]. For the
physician assessments of late adverse effects, an event was de-
fined as the first occurrence of a moderate or marked symptom
(graded ‘‘quite a bit’’ or ‘‘very much’’). Adverse events reported
at the year 1 annual physician assessment were not included in
the analysis as these are more likely to reflect transient surgical
and/or radiotherapy effects rather than permanent change. Sur-
vival analysis methods were used to compare rates of physician
assessments of moderate or marked adverse effects between the
schedules, with length of follow-up calculated from randomisa-
tion to time of first event or last follow-up assessment, whichever
was sooner. Kaplan–Meier survival plots and estimates of
annual rates of moderate or marked adverse effects according
to trial treatment group were constructed for each type of effect
and treatment schedules compared using the pairwise logrank
test.

Direct estimates of the a/b value for the different endpoints of
late adverse effects were obtained in each case by fitting a Cox pro-
portional hazards regression model containing terms for total dose,
and total dose multiplied by fraction size. The a/b ratio was calcu-
lated by dividing the two parameter estimates (estimate for total
dose/estimate for total dose � fraction size), and approximate
95% CI for the a/b estimates were calculated using Taylor series
expansion for the covariance of a ratio of two random variables.
Lower limits of CIs for the a/b estimates were truncated at zero
when the calculated limit was negative. Since the number of re-
lapses and deaths were small at this stage of the trial the analysis
was purely descriptive.

All analyses were done on an intention-to-treat basis.

Role of the funding source

The funding source provided peer-reviewed approval for the
trial but had no other role in study design, collection, analysis,
interpretation of data, or writing of the report. JRY, JSH, JPM and

JMB had full access to all of the data. JRY had final responsibility
for the decision to submit for publication.

Results

Between October 2004 and March 2007, 915 women were re-
cruited from 18 radiotherapy centres in the UK. Clinical and demo-
graphic details of the patients at randomisation appeared similar
between groups (Table 1). Compliance of annual follow-up forms
for years 1–3 was 99.0%, 97.4% and 85.4%, respectively, with no dif-
ference in compliance between treatment groups. At the time of
the analysis, median follow-up in surviving patients was

Table 1
Baseline characteristics by randomised fractionation schedule.

50 Gy 30 Gy 28.5 Gy
N = 302 (%) N = 308 (%) N = 305 (%)

Age (years)
50–59 112 (37.1) 112 (36.4) 110 (36.1)
60–69 143 (47.4) 145 (47.1) 153 (50.2)
70–79 44 (14.6) 42 (13.6) 39 (12.8)
80– 3 (1.0) 9 (2.9) 3 (1.0)
Mean (SD) 63.1 (7.2) 62.9 (7.5) 62.7 (6.8)
[Range] [50.0–88.4] [50.1–84.9] [50.0–82.3]

Time from surgery to randomisation (weeks)
Median (interquartile range) 6.0 (4.4–7.6) 5.7 (4.1–7.2) 6.0 (4.1–7.6)
[Range] [1.3–22.1] [0.4–21.1] [0.7–19.0]

Histological type
Ductal 230 (76.2) 241 (78.2) 229 (75.1)
Lobular 36 (11.9) 29 (9.4) 30 (9.8)
Special type 22 (7.3) 31 (10.1) 29 (9.5)
Mixed 10 (3.3) 7 (2.3) 15 (4.9)
DCIS 3 (1.0) 0 (0.0) 1 (0.3)
Other 1 (0.3) 0 (0.0) 1 (0.3)

Axillary surgery
None 1 (0.3) 0 3 (1.0)
SNB 49 (16.2) 52 (16.9) 57 (18.7)
Sampling 140 (46.0) 133 (43.2) 134 (43.9)
Clearance 85 (28.1) 85 (27.6) 80 (26.2)
SNB and sampling 24 (7.9) 35 (11.4) 28 (9.2)
SNB and clearance 1 (0.3) 2 (0.6) 2 (0.6)
Other 2 (0.7) 1 (0.3) 1 (0.3)

Pathological tumour size (cm)
<1 90 (29.8) 84 (27.3) 87 (28.5)
1–2 166 (55.0) 165 (53.6) 160 (52.5)
P2 46 (15.2) 59 (19.2) 58 (19.0)
Mean (SD) 1.3 (0.6) 1.3 (0.6) 1.3 (0.7)
[Range] [0.05–3.0] [0.13–3.0] [0.1–3.0]

Tumour grade
1 94 (31.1) 113 (36.7) 102 (33.4)
2 176 (58.3) 159 (51.6) 168 (55.1)
3 29 (12.9) 35 (11.4) 34 (11.1)
Not known 3 (1.0) 1 (0.3) 1 (0.3)

Adjuvant therapy
None 39 (12.9) 37 (12.0) 30 (9.8)
Tamoxifen 227 (75.2) 243 (78.9) 224 (73.4)
AI 31 (10.3) 26 (8.4) 45 (14.8)
Tamoxifen ? AI 4 (1.3) 2 (0.6) 4 (1.3)
Unknown type 1 (0.3) 0 (0.0) 2 (0.7)

Breast size
Small 154 (51.0) 172 (55.8) 163 (53.4)
Medium 89 (29.5) 87 (28.2) 93 (30.5)
Large 38 (12.6) 31 (10.1) 24 (7.9)
Unknowna 21 (7.0) 18 (5.8) 23 (7.5)

Surgical deficit
Small 156 (51.7) 148 (48.1) 154 (50.5)
Medium 68 (22.5) 83 (26.9) 77 (25.2)
Large 57 (18.9) 59 (19.2) 51 (16.7)
Unknowna 21 (7.0) 18 (5.8) 23 (7.5)

a Breast size and surgical deficit scored from baseline photographs. Unknown
indicates no baseline photograph available.
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37.3 months; follow-up is ongoing. Twelve patients did not receive
their allocated treatment, 3 withdrew following randomisation and
4 moved before follow-up data were obtained (Fig. 1). There were 3
reports of unusual severe acute radiotherapy reactions, all in the
28.5 Gy group, 2 of which have resolved over time. All involved
changes in the skin appearing at the end of week 5 (n = 1) or 6
(n = 2), including patchy desquamation (n = 1), possible cellulitis
(n = 1) and breast oedema (n = 1). On review, these were not con-
sidered unusual or severe. Data on acute skin reactions collected
on 327 consecutive patients demonstrate milder acute reactions
in both 5-fraction test groups (Table 2).

Assessments of 2-year change in photographic breast appear-
ance were available for 729 (81%) patients out of the 901 still alive
and disease-free, see Fig. 1. Change in photographic breast appear-
ance at 2 years according to fractionation regimen indicated a clear
and statistically significant dose response between 28.5 and 30 Gy
(Table 3) and the apparent comparability of the 28.5 Gy test dose
level with 50 Gy in 25 fractions. The risk ratio for mild or marked
change in 2-year photographic breast appearance for 30 Gy versus
50 Gy was 1.70 (95% CI 1.26–2.29, p < 0.001) and for 28.5 Gy
versus 50 Gy was 1.15 (95% CI 0.82–1.60, p = 0.489). Similar
relationships between schedules were confirmed by the analysis

n=295 

7 did not receive allocated 
treatment: 
- needed a “cup” for RT (1) 
- refused allocated trt (1) 
- withdrawn after 
randomisation (3) 
- ineligible due to second 
primary (1) 
- re-planned on day 1 of RT 
due to poor set-up & no 
multiple outlines taken (1) 

Number 
randomised 

Allocated 
fractionation 
schedule 

Received allocated 
treatment as per 
protocol
(Only major 
treatment deviations 
listed. Minor 
deviations due to 
public holidays, 
machine service 
days and machine 
breakdowns not 
included). 

Baseline 
photographic 
assessment  
available 

Year 2 
photographic 
assessment 
available  

Follow-up data 
available 

50 Gy 25 Fr 5 weeks 
n=302 

28.5 Gy 5 Fr 5 weeks 
n=305 

n=303 

5 did not receive allocated 
treatment: 
- needed a “cup” for RT (2) 
- had manual outline for 
planning as CT not possible (1) 
- ineligible as needed RT to 
both breasts (1) 
- standard trt given due to 
planning problems (1) 

30 Gy 5 Fr 5 weeks 
n=308 

n=915 

n=301 

4 did not receive allocated 
treatment: 
- ineligible due to second 
primary (1)  
- limited arm movement so 
standard superior border not 
used (1) 
- prescribed tumour bed boost 
after randomisation (1) 
- standard treatment given due 
to dose inhomogeneity for 
allocated treatment (1) 

n=281 

21 patients with no baseline 
photo: 
- ineligible/deviated (1) 
- withdrew consent after 
randomisation (4) 
- administrative issue (6) 
- reason not known (10)

n=282 

23 patients with no baseline 
photo: 
- ineligible/deviated (3) 
- administrative issue (2) 
- reason not known (18) 

n=290 

18 patients with no baseline 
photo: 
- ineligible/deviated (1) 
- administrative issue (6) 
- reason not known (11) 

n=239 

63 patients with no 2-year 
assessment available: 
- no baseline photo (21) 
- died (2) 
- relapse/second cancer (1) 
- moved/lost to follow-up (5) 
- withdrawn from follow-up (3) 
- patient declined (2) 
- patient did not attend (1) 
- photograph taken but 
unevaluable (2) 
- administrative issue (7) 
- reason not known (19) 

n=242 

63 patients with no 2-year 
assessment available: 
- no baseline photo (23) 
- died (6) 
- relapse/second cancer (1) 
- moved/lost to follow-up (7) 
- patient did not attend (1) 
- administrative issue (8) 
- reason not known (17) 

n=248 

60 patients with no 2-year 
assessment available: 
- no baseline photo (18) 
- died (4) 
- moved/lost to follow-up (6) 
- withdrawn from follow-up (1) 
- patient declined (2) 
- patient did not attend (2) 
- photograph taken but 
unevaluable (2) 
- administrative issue (7) 
- reason not known (18) 

n=301 

1 patient with no follow-up data 
available 
- withdrawn after 
randomisation (1) 

n=302 

3 patients with no follow-up 
data available 
- withdrawn after 
randomisation (1) 
- moved (2) 

n=305 

3 patients with no follow-up 
data available 
- withdrawn after 
randomisation (1) 
- moved (2) 

Fig. 1. Trial profile for FAST Trial.
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of clinically-assessed adverse effects in the breast. Moderate or
marked adverse effects in the breast (including shrinkage, indura-
tion, telangiectasia, oedema and other) were reported in 155 pa-
tients overall. Estimates of 3-year rates of any moderate or
marked adverse effect in the breast were 9.5% (95% CI 6.5–13.7%)
for 50 Gy, 17.3% (95% CI 13.3–22.3%) for 30 Gy and 11.1% (95% CI
7.9–15.6%) for 28.5 Gy; the rate in the 30 Gy group was signifi-
cantly higher than in 50 Gy (logrank test p < 0.001) and in
28.5 Gy (logrank test p < 0.006), with similar rates in the 50 and
28.5 Gy groups (logrank test p = 0.18). Most of the moderate or
marked adverse effects in the breast were due to shrinkage
(n = 106) and induration (n = 40), with few reports of oedema
(n = 27) and telangiectasia (n = 15). Results for shrinkage and indu-
ration are shown in Figs. 2 and 3, indicating similar rates in the 50
and 28.5 Gy schedules but higher rates for 30 Gy.

Change in photographic breast appearance, the primary end-
point, gave an estimate of a/b of 2.6 Gy (95% CI 1.4–3.7). Using this
estimate, the isoeffect doses expressed in 2.0 Gy equivalents for 30
and 28.5 Gy in 5 fractions are 56.3 and 51.6 Gy, respectively.
Adjustment for breast size and surgical deficit at baseline made lit-
tle difference to the a/b estimate viz. 2.5 Gy (95% CI 1.2–3.7). Esti-
mates of a/b for the physician-assessed adverse effects are similar
to the result for the photographic endpoint (Table 4).

Thirty-two patients were referred to specialist clinics for a pos-
sible radiotherapy-related adverse effect (10 in 50 Gy, 14 in 30 Gy
and 8 in 28.5 Gy), including lymphoedema (n = 25 comprising 13
breast and 12 arm), possible rib fracture (n = 1), breast pain
(n = 1), cellulitis (n = 1), late onset of asthma (n = 1), atrial fibrilla-
tion (n = 1), irregular heart beat (n = 1) and cough (n = 1). Of the
908 patients with follow-up data available, there were 2 local re-
lapses (in breast skin or parenchyma), 3 regional relapses (in axilla
or supraclavicular fossa), 17 metastases and 8 patients with a re-
ported second primary cancer. Twenty-three patients had died,
10 of which were breast cancer-related (Table 5).

Discussion

The FAST Trial was designed to identify a 5-fraction schedule of
whole breast radiotherapy delivered using once-weekly fractions
that is equivalent, in terms of late adverse effects in the breast,
to a standard regimen of 50 Gy in 25 fractions. Once-weekly frac-
tions were chosen to minimise confounding of treatment outcome
measures by differences in overall treatment time. The estimate of
a/b = 2.6 Gy (95% CI 1.4–3.7) for change in photographic breast
appearance is very close to estimates of breast hardness and
shrinkage based on the annual physician assessments, see Table 3.
Assuming an a/b value of 2.6 Gy, the two test dose levels of 28.5
and 30 Gy in 5 fractions are equivalent to 51.4 and 58.2 Gy, respec-
tively, delivered in 2.0 Gy equivalents. The a/b values are consis-
tent with an updated analysis (2010) of the START pilot and
START A trials, which generated an adjusted a/b value for late
change in photographic breast appearance of 3.1 Gy (95% CI 2.0–
4.3) [18]. Patient eligibility for the FAST Trial focused on factors re-
lated to patient age and tumour stage associated with a relatively
low risk of local tumour relapse, selecting a population with the
least to lose from a loss of tumour control after hypofractionated
radiotherapy. There was no recommendation in the protocol that
women with known risk factors for late adverse effects, such as
those with very large breast size, should be excluded [19–21].
The rates of 20.9%, 35.5% and 24.0% for any change (mild or
marked) in photographic breast appearance for the 50, 30 and
28.5 Gy groups, respectively, compare with 24.2% for the 50 Gy
groups of the START Trials A and B combined.

The a/b values for late adverse effects generated by the FAST
and START trials are in close agreement with each other, although
fractionation sensitivity might be slightly higher (a/b value slightly
lower) when fraction sizes of 5–6 Gy are compared with 2.0 Gy, for
two reasons. Moist desquamation is less common when hypofrac-
tionation is used, reflecting a response to lower total dose, and this

Table 2
Acute skin reactions during treatment by fractionation schedule.

RTOG grade Fractionation schedule Total (%)

50 Gy (%) 30 Gy (%) 28.5 Gy (%)

0 = No visible change 8 (7.3) 28 (25.2) 42 (39.6) 78 (23.9)
1 = Faint/dull erythema 51 (46.4) 67 (60.4) 53 (50.0) 171 (52.3)
2 = Tender/bright erythema ± dry desquamation 39 (35.5) 13 (11.7) 9 (8.5) 61 (18.7)
3 = Patchy moist desquamation, moderate oedema 12 (10.9) 3 (2.7) 2 (1.9) 17 (5.2)
4 = Confluent moist desquamation, pitting oedema 0 0 0 0

Total with known RTOG grade for acute skin reaction 110 (100) 111 (100) 106 (100) 327 (100)

Not recordeda 187 192 196 575
Not known 5 5 3 13
Total randomised 302 308 305 915

a Acute toxicity data was not collected from the beginning of the trial.

Table 3
Change in photographic breast appearance at 2 years by fractionation schedule.

Fractionation schedule Total,
N = 729
(%)

Risk ratio for 30 Gy vs 50 Gy
(95% CI), p-value for trend

Risk ratio for 28.5 Gy vs 50 Gy
(95% CI), p-value for trend

Risk ratio for 30 Gy vs 28.5 Gy
(95% CI), p-value for trend

50 Gy,
N = 239
(%)

30 Gy,
N = 248
(%)

28.5 Gy,
N = 242
(%)

No
change

189 (79.1) 160 (64.5) 184 (76.0) 533 (73.1) 1, p < 0.001 1, p = 0.26 1, p = 0.002

Mild change 46 (19.2) 65 (26.2) 49 (20.2) 160 (22.0) 1.48 (1.06–2.05) 1.07 (0.75–1.54) 1.37 (1.00–1.90)
Marked

change
4 (1.7) 23 (9.3) 9 (3.7) 36 (4.9) 6.06 (2.14–17.20) 2.25 (0.70–7.18) 2.70 (1.28–5.67)
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reduces late consequential effects [22]. So-called consequential
late damage, most obviously skin atrophy, telangiectasia and indu-
ration in the inframammary fold, reflects a severe disruption of the
basal epidermis associated with granulation tissue and variable de-
grees of scarring. It is difficult to quantify the contribution of con-
sequential effects to overall breast shrinkage, distortion and
induration, but they share the high a/b value of the early epithelial
reactions. In other words, late consequential effects tend to ‘artifi-
cially’ increase the a/b value when conventional fractionation is

used in heavy-breasted women. A second process that might
slightly reduce the a/b estimate when large fractions are used is
the increased effect of dose inhomogeneity on dose intensity as
fraction size increases, so-called ‘triple trouble’ [23]. Dose inhomo-
geneity (‘double trouble’) is always bad, and is important even
when 2.0 Gy fractions are used [24,25]. Simple calculations show
that the added impact of hypofractionation (triple trouble) can
be ignored for practical purposes provided full dose compensation
is applied.
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Fig. 2. Kaplan–Meier plot of time to moderate/marked physician assessed breast shrinkage, by fractionation schedule. 95% CI = 95% confidence interval. Events reported at
1 year were excluded from the analysis.
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Fig. 3. Kaplan–Meier plot of time to moderate/marked physician assessed breast induration, by fractionation schedule. 95% CI = 95% confidence interval. Events reported at
1 year were excluded from the analysis.
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The trial was not powered to test local tumour control differ-
ences between treatment groups, and only two local relapses (both
in the control group) have so far been reported in the breast with a
median follow up of 3.1 years. This extremely low rate (0.2%) re-
flects the patient demographics, tumour characteristics, careful
attention to microscopic excision margins and the use of adjuvant
endocrine therapy in the study population. It seems unlikely that
longer follow up will generate enough events to contribute to
any meaningful estimate of a/b value for tumour control. It is too
early to tell whether the current imbalance in rates of metastases
and deaths between the treatment groups will persist with further
follow-up. Despite this, it is apparent from existing mature data
that the a/b value for tumour control is likely to be much lower
than 10 Gy [26].

In conclusion, a 5-fraction schedule of whole breast radiother-
apy delivered in once-weekly fractions has been identified that is
equivalent to a conventionally fractionated regimen in terms of
change in breast appearance at 2 years and annual clinical assess-
ments of a range of adverse effects in the breast recorded at a med-
ian of 3.1 years. No patient in this trial required radiotherapy to the
lymphatic pathways. Longer follow up to a minimum of 5 years is
needed for reliable estimates of iso-effect. Meanwhile, a pilot study
of 30 patients treated with 30 Gy in 5 fractions in 15 days reported
acceptable levels of late adverse effects at 5 years follow up [27]. A
subsequent phase 3 randomised trial (FAST-Forward) will test two
dose levels of a 5-fraction regimen delivered in 1 week against
40 Gy in 15 fractions over 3 weeks in women requiring adjuvant
radiotherapy to the breast, chest wall or reconstructed breast after
primary surgery.
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(Gy)

95% confidence
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EQD2 for 30 Gy
schedule (Gy)
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