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Abstract

Grade III, node-positive breast cancer carries a high risk of loco-regional relapse after simple mastectomy. A randomised trial
was conducted to assess whether this would be significantly reduced by postoperative radiotherapy. Between 1985 and 1991, 76
patients who had undergone a simple mastectomy and axillary sampling, and whose tumours had been found to be grade III and

node-positive, were randomised to receive postoperative radiotherapy to the chest wall and axilla or no further loco-regional
treatment. Radiotherapy was delivered with 8 MV X-rays to the axilla and supraclavicular fossa and with 8 MeV electrons to the
chest wall, to a dose of 45 Gy in 15 fractions over 3 weeks. All patients have been followed-up until death, or for a minimum of 10
years. All loco-regional recurrences occurred within the first 4 years after mastectomy. There were 26 such events in the 40 patients

randomised to the ‘watch’ policy (65%), as opposed to 9 out of 36 (25%) who received radiotherapy (P<0.01). Ten-year survival
was 39% in the radiotherapy arm as opposed to 25% in the no radiotherapy arm. Recruitment to the trial was closed in 1991, when
a preliminary safety analysis revealed the size of the effect of radiotherapy, and from then on all node-positive patients with grade

III tumours have routinely been given this treatment. Further follow-up has confirmed this finding, as borne out by these 10-year
results, which shows that radiotherapy has a significant impact on reducing loco-regional recurrence in patients at high risk after
mastectomy. There is an apparent survival benefit although, because of the small numbers in this trial, this has not reached statis-

tical significance. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The use of postmastectomy radiotherapy had declined
in the United Kingdom during the 1970s and early
1980s following the publication of the Cancer Research
Campaign (CRC) and National Surgical Adjuvant
Breast and Bowel Project (NSABP) trials [1,2]. In these,
no significant survival advantage was seen for patients
receiving radiotherapy after mastectomy, although there
was a striking reduction in the incidence of locoregional
recurrence in the irradiated patients.

In Nottingham, from 1973 to 1986, most patients with
breast cancer were treated by simple mastectomy alone.
Triple node biopsy was used for staging. Breast conser-
ving surgery by wide local excision followed by radio-
therapy steadily replaced mastectomy during the 1980s,
but lymph node sampling remained.

In 1985, we showed that factors predictive of a high
risk of local recurrence of breast cancer after mas-
tectomy were the grade of tumour and histological evi-
dence of nodal involvement [3]. The extent to which
patients with these adverse factors might benefit,
particularly with regard to loco-regional control, by
receiving chest wall and axillary radiotherapy, needed
testing and we embarked on a trial.

2. Patients and methods

Between September 1985 and February 1991, 76
patients were entered into the trial.

2.1. Surgery and pathology

Eligible patients were those who had newly diag-
nosed, operable (stage I or II) primary breast cancer,
with no previous history of any other cancer, were aged
70 years or less, and had been treated by a simple
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mastectomy and node sampling. The node sampling
procedure consisted of a triple node biopsy—one low
axillary, one apical and one internal mammary node. In
all patients, the tumour was grade III [4], with at least
one node histologically involved.

Patients entering the trial were randomly assigned to
receive either postoperative radiotherapy or no further
loco-regional treatment.

2.2. Radiotherapy technique

Patients given radiotherapy were treated on a linear
accelerator, with an 8 MV X-ray field encompassing the
axilla and ipsilateral supraclavicular fossa. To the lower
edge of this field an 8 MeV electron field was matched,
the other limits of which were chosen to encompass the
area previously covered by breast tissue [5]. A dose of 45
Gy (prescribed at Dmax) was given in 15 fractions to
both fields.

Radiotherapy was given once a day, 5 days a week,
unless holidays, machine breakdowns or service days
intervened, in which case, for each day missed, an addi-
tional day of treatment was added at the end of the
schedule. For the great majority of patients, the overall
treatment time was slightly greater than 3 weeks (a
small minority, who started on a Monday, and whose
treatment had no interruptions, completed the treat-
ment in less than 3 weeks).

2.3. Systemic treatment

At the time the trial started, adjuvant systemic treat-
ment was not in routine use in our clinic, but a policy of
using adjuvant tamoxifen for postmenopausal
patients and ‘classical’ cyclophosphamide, metho-
trexate, 5-fluorouracil (CMF) (Bonadonna) [6] for pre-
menopausal patients was introduced at the end of 1987
for patients at high risk, by definition including those in
this trial. In total, 13 patients in each arm received
adjuvant systemic therapy: 19 patients in the trial
received adjuvant tamoxifen, 11 of whom were given
radiotherapy, and 8 were not; 7 patients received CMF
chemotherapy, 2 of whom had radiotherapy and 5 did not.

2.4. Follow-up and analysis

As long as clinically disease-free, patients were fol-
lowed-up at 3-monthly intervals for 18 months after the
completion of local treatment, then 6 monthly until 5
years, and yearly thereafter, indefinitely. In patients
who developed recurrent disease, follow-up intervals
were determined by clinical need.

The major endpoint of the study was loco-regional
control, i.e. freedom from recurrence on the chest wall
and adjacent (axillary and supraclavicular) lymph
nodes. Survival, disease-free interval and incidence of

uncontrolled loco-regional disease were secondary end-
points. Loco-regional recurrence was recorded and
included in the analysis whether it occurred before, after
or synchronously with metastatic disease.

A preliminary safety analysis was performed in 1991,
which showed a highly significant reduction in loco-
regional recurrences in the irradiated patients. Although
the number that had been entered was small, entry to
the trial was closed [7]; all patients with grade III, node-
positive tumours since then have received postoperative
radiotherapy to the axilla, supraclavicular fossa and
chest wall after mastectomy.

3. Results

36 patients were assigned postoperative radiotherapy
and 40 were controls (Fig. 1). All patients have been
followed-up until death or for a minimum of 10 years
(median just under 12 years), at the time of analysis.
The main findings are summarised in Table 1 and are as
follows.

3.1. Loco-regional recurrence

9 of 36 patients who received radiotherapy developed
loco-regional recurrence, compared with 26 of 40 in the
control arm. The recurrences were all within the first 4
years and 33 of the 35 patients who developed such
recurrence have subsequently died of breast cancer. As
none of the patients has been lost to follow-up, this gave
absolute 10-year recurrence rates of 25 and 65% in the

Fig. 1. Flow chart of the progress of patients through the trial (adap-

ted from Ref. [12]).
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radiotherapy and control arms, respectively (Chi-square
with Yates’ correction 10.65, degrees of freedom
(df)=1, P<0.001).

As noted earlier, this marked difference became evi-
dent rapidly, and led us to close entry to the trial in 1991.

3.2. Uncontrolled loco-regional recurrence

Of the loco-regional recurrences that occurred, fur-
ther treatment was able to achieve lasting control in
only a minority in either arm. This resulted in 6 patients
of the 36 (17%) in the treated arm having uncontrolled
loco-regional disease at death, whereas this was seen in
16 of 40 (40%) in the untreated arm. This difference just
achieves conventional statistical significance (Chi-
square with Yates’ correction=3.95, df=1, P=0.047).

3.3. Disease-free survival (DFS)

Two early deaths occurred in women in the control
arm without known recurrence. In calculating disease-
free survival, these two deaths have been included as
‘censored’ data, so the analysis of this group is actuar-
ial. Kaplan–Meier analysis shows a 15% disease-free
survival at 10 years in the control group, compared with
39% in the irradiated patients, which is statistically sig-
nificant (Cox, P=0.043).

3.4. Overall survival

At 10 years, 22 of the 36 patients (61%) who had been
given radiotherapy had died, compared with 30 of the
40 (75%) who did not receive radiotherapy (not statis-
tically significant).

33 of the 35 patients who developed loco-regional
recurrence died, whereas only 16 of the 40 patients
without such recurrence died of breast cancer (Chi-
square with Yates’ correction=22.59, df=1, P<0.0001).

3.5. Radiation-associated morbidity

In this trial, we have seen little in the way of serious
sequelae from the radiotherapy used. None of the
deaths has been attributed to cardiac disease, and no
clinically significant cardiac problems have been found
in any of the long-term survivors, to date; none of the

irradiated patients has developed significant pulmonary
fibrosis, nor have there been any cases of radiation-
induced brachial plexus damage. Clinically significant
lymphoedema, in the absence of recurrence, has occur-
red in two of the irradiated patients, but in both this has
been recorded as ‘mild’ or ‘moderate’.

4. Discussion

That the selection criteria identified a group at high
risk of local and/or regional recurrence, is confirmed by
the 65% incidence of such recurrence in the control
arm. The relative reduction of both local and regional
recurrence achieved by radiotherapy in this study is
comparable to that found in other trials that have
addressed the same question and published in the most
recent Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) ‘meta-analysis’ [8]. Having selected a
particularly high-risk group for the trial, the impact of
treatment in terms of absolute numbers spared local and
regional recurrence is large. Several other trials have
evaluated the effect of radiotherapy in high-risk patients
[9,10]; they too have found a large absolute impact on
local and regional recurrence. The significant effect on
uncontrollable recurrence that we found demonstrates
an important impact of radiotherapy upon the burden
of illness; even so, uncontrolled recurrence is high even
in the irradiated patients. This study cannot provide
evidence on how this might be avoided.

The EBCTCG meta-analysis also showed a statisti-
cally significant reduction in breast cancer deaths for
irradiated patients. Again, in our small study, there was
a trend towards a survival benefit, falling short of sta-
tistical significance, but within the confidence intervals
of the other studies. We suggest that this shows again
that radiotherapy reduces the relative risk of recurrence
and death, and that the level of absolute reduction in
these high-risk patients is of real clinical relevance.
Cardiovascular risk has been shown in previous studies
to be linked to radiotherapy. The extent to which this
occurs one must assume is dependent upon radio-
therapy technique, as this will determine the amount of
radiation received by the myocardium. In the patients
we treated, an 8 MeV electron field covered the chest
wall, so the dose to the underlying myocardium would

Table 1

Summary of main findings

RT arm No-RT arm Statistical significance

Loco-regional recurrences in 10 years 9/36 (25%) 26/40 (65%) P<0.001

Actuarial disease-free survival at 10 years 39% 15% P=0.043

Survival at 10 years 14/36 (39%) 10/40 (25%) NS

Uncontrolled loco-regional disease at death 6/36 (17%) 16/40 (40%) P=0.047

RT, radiotherapy; NS, non-significant.
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be minimal. This accords with the observation that so
far no deaths have been attributed to heart disease,
although in this respect, the follow-up is still short.

A few words might be added about the choice of dose
and fractionation for the radiotherapy schedule used.
This study opened in 1985, at which time 3-week
schedules, as popularised by Paterson, were the usual
treatment for most ‘radical’ schedules in Nottingham’s
Radiotherapy Centre. As the study was designed to
ascertain whether radiotherapy would be useful for
these patients, we elected to use a relatively high dose,
which we had hitherto found acceptable in day-to-day
clinical practice. The concept of ‘Biological Effective
Dose’ (BED) was also not in widespread use at that
time, although it is interesting to evaluate the schedule
in hindsight using the formula [11]:

BED ¼ D 1þ
d

�=�ð Þ

� �
;

where D is the total dose, d the dose per fraction, and �
and � are the constants used in the linear-quadratic
formula that together indicate the fractionation sensi-
tivity of a given tissue.

Even today, considerable uncertainty exists as to what
a representative value for �/� should be for breast can-
cer. If we take a reasonably-guessed figure of 10 Gy, we
find from the above formula that 45 Gy in 15 fractions
gives a BED of 58.5, which is not greatly different from
the BED of 60 obtained for the more widely-used (and
now the ‘standard’ in our department) schedule of 50
Gy in 25 fractions. By contrast, if we consider the effect
on adjacent normal tissue, for which there is more reli-
able data on �/� ratios, with a value of around 3 being
widely accepted, our schedule gives a BED of 90 com-
pared with 83.3 for 50 Gy/25 fractions.

These calculations would lead us to expect that the
schedule would be fairly close to the ‘conventional’ 50
Gy in 25 fractions in terms of tumour control, but per-
haps a little more damaging to normal tissue. The first
of these predictions is borne out by our results; the lat-
ter will be the subject of a separate report.

In summary, this study is in line with the general
understanding that radiotherapy reduces the risk of
local and regional recurrence. Since a group at a high
risk of such recurrence was selected for the trial, the

absolute effect was large. Overall disease-free survival
was improved by the use of radiotherapy; the reduction
in breast cancer deaths in the radiotherapy arm is of the
same degree as that demonstrated in larger trials, even
though in this small trial it does not reach statistical
significance. Nearly all patients suffering loco-regional
recurrence died from breast cancer, suggesting that pre-
vention of this event led to an improvement in survival.
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