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BSTRACT

 

Background

 

Radiotherapy after mastectomy to
treat early breast cancer has been known since the
1940s to reduce rates of local relapse. However, the
routine use of postoperative radiotherapy began to
decline in the 1980s because it failed to improve
overall survival. We prospectively tested the efficacy
of combining radiotherapy with chemotherapy.

 

Methods

 

From 1978 through 1986, 318 premeno-
pausal women with node-positive breast cancer were
randomly assigned, after modified radical mastecto-
my, to receive chemotherapy plus radiotherapy or
chemotherapy alone. Radiotherapy was given to the
chest wall and locoregional lymph nodes between
the fourth and fifth cycles of cyclophosphamide, meth-
otrexate, and fluorouracil.

 

Results

 

After 15 years of follow-up, the women
assigned to chemotherapy plus radiotherapy had a
33 percent reduction in the rate of recurrence (rela-
tive risk, 0.67; 95 percent confidence interval, 0.50 to
0.90) and a 29 percent reduction in mortality from
breast cancer (relative risk, 0.71; 95 percent confi-
dence interval, 0.51 to 0.99), as compared with the
women treated with chemotherapy alone.

 

Conclusions

 

Radiotherapy combined with chemo-
therapy after modified radical mastectomy decreas-
es rates of locoregional and systemic relapse and re-
duces mortality from breast cancer. (N Engl J Med
1997;337:956-62.)
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RIALS of postoperative radiotherapy for
breast cancer conducted during the 1960s
and 1970s showed significant reductions
in rates of locoregional recurrence but no

improvement in overall survival.

 

1,2

 

 This result has
been attributed to micrometastases, which deter-
mine prognosis regardless of the effect of the locore-
gional therapy. Additional concern was raised by
data suggesting that irradiated patients have reduced
survival rates, due to either immune suppression

 

3

 

 or
cardiac complications.

 

2,4,5

 

 
In the late 1970s, adjuvant chemotherapy became

a standard treatment for high-risk premenopausal
patients with breast cancer.

 

6-8

 

 The use of adjuvant
radiation subsequently declined, because it did not
appear to prolong survival. Nevertheless, there are
reasons to reconsider radiotherapy, including the
limited value of adjuvant chemotherapy for bulky
disease,

 

9-11

 

 a synergistic effect of chemotherapy plus

T

 

radiation on residual locoregional tumor,

 

12-14

 

 and
the possibility that eliminating bulky disease with ra-
diation may improve the effect of chemotherapy, be-
cause chemotherapy may be more effective when the
overall disease burden is low.

 

9-12,15

 

 To test the hy-
pothesis that adding radiation to adjuvant systemic
therapy improves the outcome in patients with breast
cancer, we designed a randomized trial in 1978 in
British Columbia. This report presents our findings
after 15 years of follow-up.

 

METHODS

 

From 1979 through 1986, 318 premenopausal women with
newly diagnosed stage I or II breast cancer were enrolled in the
study after undergoing modified radical mastectomy if, after axil-
lary-node dissection, one or more level I or II lymph nodes were
found to be positive on pathological examination. The mastecto-
my was performed according to standard surgical practice be-
tween 1979 and 1986. After written informed consent was ob-
tained, the patients were randomly assigned to one of two groups:
those receiving adjuvant chemotherapy plus locoregional radio-
therapy in five fields (the chemotherapy–radiotherapy group, with
164 patients) and those receiving chemotherapy alone (the che-
motherapy group, with 154 patients). The characteristics of the
patients were evenly balanced, as Table 1 shows.

 

Surgery

 

All the patients underwent modified radical mastectomy, with
dissection of level I and II axillary lymph nodes. The surgery was
performed by specialists who referred all the patients to the Brit-
ish Columbia Cancer Agency, the provincial cancer institute, for
registration, randomization, and the planning of the chemother-
apy and radiation treatments.

 

Chemotherapy

 

The chemotherapy consisted of cyclophosphamide (600 mg
per square meter of body-surface area), methotrexate (40 mg per
square meter), and fluorouracil (600 mg per square meter) (the
CMF regimen), given intravenously every 21 days as described by
Bonadonna et al.,

 

7

 

 initially for 12 months (80 patients), and in
the case of patients randomized after 1981, for 6 months.

 

Radiation

 

The radiation therapy was administered between the fourth
and fifth cycles of chemotherapy. Sixteen daily treatments were
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delivered over a period of three to four weeks. The postmastec-
tomy chest wall received a dose of 37.5 Gy through two tangen-
tial fields. The mid-axilla received a dose of 35 Gy through an an-
terior supraclavicular–axillary field with a posterior axillary boost.
A direct internal mammary field delivered a dose of 35 Gy at a
depth of 3 cm. All the fields were treated with cobalt-60. The in-
terval between the fourth and fifth cycles of chemotherapy was
five to six weeks. Also, as part of a second randomization, 68 pa-
tients with estrogen-positive tumors were treated with radiation-
induced ovarian ablation that included 20 Gy over a period of five
days plus prednisone (7.5 mg per day) for two years, as described
by Meakin et al.

 

16

 

 Among these 68 patients, 33 were assigned to
chemotherapy and 35 were assigned to chemotherapy and radio-
therapy.

 

Statistical Analysis

 

In the various analyses, we studied the following end points:
any relapse of breast cancer (or death without a known relapse of
breast cancer), for the analysis of disease-free survival; locoregion-
al recurrence as a first event, before a systemic recurrence (in the
ipsilateral chest wall or an axillary, internal mammary, or supra-
clavicular node), for the analysis of survival free of locoregional
disease; any systemic relapse, with or without a locoregional re-
lapse (or death without a known systemic relapse), for the analysis
of survival free of systemic disease; death from breast cancer, for
the analysis of breast-cancer–specific survival; and any death, for
the analysis of overall survival.

Survival curves were estimated by the Kaplan–Meier method.

 

17

 

Significance levels, estimates of relative risk, and 95 percent con-
fidence intervals were calculated with a proportional-hazards re-
gression model.

 

18

 

 Two-sided P values of less than 0.05 were con-
sidered to represent statistical significance. The analysis was done
for the whole group of 318 patients and also for subgroups with
involvement in either one to three axillary nodes or four or more
nodes. Differences between these subgroups with respect to the
relative risk associated with the radiation were studied by testing
for significant interactions with the proportional-hazards regres-
sion model. In the survival analysis, the time to the end points
associated with each event was calculated from the date of the tis-
sue diagnosis of breast cancer. Eleven patients (3.5 percent) were
lost to follow-up — three (1.9 percent) from the chemotherapy
group and eight (4.9 percent) from the chemotherapy–radiother-
apy group. All 11 patients were alive and had no recurrences at
their last known follow-up. In all the analyses, the data were cen-
sored as of the date of that follow-up. Of the 164 patients ran-
domly assigned to chemotherapy and radiotherapy, 12 did not re-
ceive radiotherapy and were treated with chemotherapy alone
(7 declined radiotherapy, 3 had metastases before radiotherapy,
and 2 had postsurgical complications). Eight patients randomly
assigned to chemotherapy had radiotherapy at their own request
or that of their physicians. All the analyses presented were per-
formed on an intention-to-treat basis (according to the initial
randomization).

 

RESULTS

 

All Patients

 

A total of 318 patients were randomized, and
among the survivors the median follow-up was 150
months (150 months in the chemotherapy group
and 150 in the chemotherapy–radiotherapy group).
During the 15 years of follow-up, breast cancer had
recurred in 176 patients and 144 patients died. Of
the 176 patients with recurrences, the disease re-
turned locoregionally as a first event in 55 and sys-
temically in 169; 14 additional patients had locore-
gional recurrences after a systemic recurrence. There
was no difference with regard to any survival end
point between the patients who had 12 months of
chemotherapy and those who had only 6 months
(P

 

�

 

0.60 for disease-free survival at 15 years; P

 

�

 

0.70
for overall survival).

 

Study Groups

 

Table 2 and Figures 1 through 4 show the results
in the two groups of patients. In the group treated
with chemotherapy plus radiotherapy, 79 of 164 pa-
tients had recurrences — locoregional, systemic, or
both — as compared with 97 of 154 patients in
the group given chemotherapy alone. These values
translate into an overall reduction of 33 percent in
the rate of recurrence of breast cancer (relative risk,
0.67; 95 percent confidence interval, 0.50 to 0.90;
P

 

�

 

0.007), with an improvement of 17 percentage
points in disease-free survival at the 15-year follow-
up (Fig. 1). There was an overall reduction of 34
percent in the rate of systemic recurrence (relative
risk, 0.66; 95 percent confidence interval, 0.49 to
0.89; P

 

�

 

0.006) in the group treated with combined
therapy (75 of 164 patients vs. 94 of 154 patients in
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Median no. of nodes 
studied

11 11 1.0

 

no. of patients (%)

 

No. of nodes involved
1–3

 

�

 

4
Unknown

92 (59.7)
54 (35.1)
8 (5.2)

91 (55.5)
58 (35.4)
15 (9.1)

0.4

Nodal size

 

�

 

2 cm
2–5 cm

 

�

 

5 cm
Unknown

59 (38.3)
74 (48.1)
5 (3.2)

16 (10.4)

67 (40.9)
67 (40.9)
6 (3.7)

24 (14.6)

0.5

Age

 

�

 

40 yr

 

�

 

40 yr
Unknown

36 (23.4)
118 (77.6)

1 (0.6)

34 (20.7)
128 (78.0)

2 (1.2)

0.8

Grade
Low (I)
Medium (II)
Poor (III)

45 (29.2)
66 (42.9)
43 (27.9)

44 (26.8)
75 (45.7)
45 (27.4)

0.85

Estrogen receptors

 

�

 

10 fmol

 

�

 

10 fmol
Unknown

60 (39.0)
82 (53.2)
12 (7.8)

66 (40.2)
80 (48.8)
18 (11.0)

0.55

Duration of chemotherapy
6 mo
12 mo
Unknown

112 (72.7)
40 (26.0)
2 (1.3)

122 (74.4)
40 (24.4)
2 (1.2)

0.95

Loss to follow-up 3 (1.9) 8 (4.9) 0.15
Receipt of therapy different

from that randomized
8 (5.2) 12 (7.3) 0.44

Ovarian ablation 33 (21.4) 35 (21.3) 0.98
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the group treated only with chemotherapy), and a
17-percentage-point improvement in systemic dis-
ease-free survival (Fig. 2). The rate of locoregional
recurrence was reduced by 56 percent (relative risk,
0.44; 95 percent confidence interval, 0.26 to 0.77;
P

 

�

 

0.003) in the group given chemotherapy plus ra-
diotherapy (19 events, vs. 36 events in the group
treated with chemotherapy only), for an absolute
improvement of 20 percent in survival free of local
disease. Mortality from breast cancer was reduced by
29 percent in the chemotherapy–radiotherapy group
(relative risk, 0.71; 95 percent confidence interval,
0.51 to 0.99; P

 

�

 

0.05), with 62 deaths, as compared
with 76 in the chemotherapy-only group, which rep-
resented an improvement of 10 percentage points in
breast-cancer–specific survival (Fig. 3). There were
66 deaths in the group given the combined treat-
ment and 78 deaths in the chemotherapy group, for
a 26 percent reduction in overall mortality at 15
years (relative risk, 0.74; 95 percent confidence in-
terval, 0.53 to 1.02; P

 

�

 

0.07) and an 8 percent im-
provement in overall survival (Table 2 and Fig. 4).

Among the 94 patients who had systemic relapses
after chemotherapy alone, 19 were alive at the time
of the 15-year analysis, as compared with 9 of the 75
patients with such relapses in the chemotherapy–
radiotherapy group. Radiation also improved out-
come in the 68 patients randomly assigned to ovar-

 

*P values, relative risks, confidence intervals, and numbers of events shown are for the entire du-
ration of the study.
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67

36

90
87
87
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Overall survival
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70
54
46
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66 0.07 0.74 (0.53–1.02)

 

Figure 1.

 

 Disease-free Survival in the Study Groups.
In the group receiving chemotherapy combined with radiother-
apy, 79 of 164 patients had relapses. The ratio of observed
events to expected events was 0.82. In the group receiving che-
motherapy alone, 97 of 154 patients had relapses. The ratio of
observed events to expected events was 1.20. The relative risk
of relapse when the former group was compared with the lat-
ter was 0.67 (P

 

�

 

0.007).
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ian ablation, in regard to disease-free survival (rel-
ative risk, 0.72), survival free of systemic disease
(relative risk, 0.76), and overall survival (relative
risk, 0.88).

 

Subgroups Based on Nodal Involvement

 

The reduction in the relative risk of a recurrence
that was obtained by adding radiation to chemo-
therapy was similar in the subgroup with one to three
positive nodes and the subgroup with four or more
positive nodes (Table 3). There were no statistically
significant differences between these subgroups with
regard to either survival free of systemic disease
(P for interaction

 

�

 

0.9) or rates of locoregional re-
currence (P

 

�

 

0.73).

 

Side Effects of Radiation

 

Arm edema developed in 15 of the 154 irradiated
patients. Interventions were required in six (an elas-
tic sleeve in four, a pump in one, and physiotherapy
in one), as compared with five patients in the che-
motherapy group, one of whom required physio-
therapy. Limited apical lung fibrosis developed in
most of the irradiated patients, but only one had in-
terstitial pneumonitis requiring corticosteroids, with
full resolution on chest radiography several weeks
later. In one patient with a right-sided breast lesion,
congestive heart failure developed 14 years after ra-

diotherapy, at the age of 63. We considered this
event related not to the adjuvant radiation but rath-
er to treatment with doxorubicin, which was given
at a cumulative dose of 540 mg for metastases to the
lung and pleura. There were no cases of brachial plex-
opathy. The incidence of second cancers and the as-
sociated mortality were distributed evenly between
the two groups (Table 4).

 

Figure 2. Survival Free of Systemic Disease in the Study
Groups.
The top panel shows an analysis of all 318 study patients. In
the group receiving chemotherapy combined with radiothera-
py, 75 of 164 patients had systemic recurrences or died. The ra-
tio of observed events to expected events was 0.81. In the
group receiving chemotherapy alone, 94 of 154 patients had
systemic recurrences or died. The ratio of observed events to
expected events was 1.23. The relative risk of a systemic recur-
rence or death when the former group was compared with the
latter was 0.66 (P�0.006).
The middle panel shows an analysis of the 183 study patients
with one to three involved lymph nodes each. In the group re-
ceiving chemotherapy combined with radiotherapy, 32 of 91
patients had systemic recurrences or died. The ratio of ob-
served events to expected events was 0.79. In the group receiv-
ing chemotherapy alone, 45 of 92 patients had systemic recur-
rences or died. The ratio of observed events to expected events
was 1.23. The relative risk of a systemic recurrence or death
when the former group was compared with the latter was 0.65
(P�0.06).
The bottom panel shows an analysis of the 112 study patients
with four or more involved lymph nodes each. In the group re-
ceiving chemotherapy combined with radiotherapy, 35 of 58
patients had systemic recurrences or died. The ratio of ob-
served events to expected events was 0.8. In the group receiv-
ing chemotherapy alone, 43 of 54 patients had systemic recur-
rences or died. The ratio of observed events to expected events
was 1.25. The relative risk of systemic recurrences or death
when the former group was compared with the latter was 0.64
(P�0.05).
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DISCUSSION

This study of premenopausal women with breast
cancer demonstrates that locoregional radiotherapy
reduces the rates of locoregional and systemic re-
lapses and the chance of dying from breast cancer.
There was no excess mortality we could attribute to
the long-term side effects of radiotherapy. Our trial
did not stratify the patients according to nodal sta-
tus, but a test for interaction showed no significant
difference in the magnitude of the benefit from ra-

diotherapy between the subgroup with three or few-
er positive nodes and the subgroup with four or
more positive nodes. These data based on a 15-year
follow-up indicate that radiation can offer substan-
tial protection from systemic relapse to node-posi-
tive patients. It is possible that we will see additional
benefit in overall survival, because at this writing 19
patients in the chemotherapy group remain alive
with systemic recurrence, as compared with only
9 in the combined-treatment group; most of these
28 patients are expected to die of breast cancer.

The benefits of radiotherapy found in our study,
but not in most earlier studies, merit comment.
The meta-analysis performed by the Early Breast Can-
cer Trialists’ Collaborative Group,1 which analyzed
all the randomized radiation trials begun before
1985, found a 67 percent reduction in rates of
locoregional relapse (P�0.001) and a 6 percent
reduction in mortality from breast cancer (P�0.03),
but no improvement in overall survival. There was
an important increase in the number of deaths not
due to breast cancer among the irradiated patients
(P�0.002). A previous meta-analysis and several in-
dividual trials found that the latter was due to a sub-
stantial increase in mortality from cardiac causes.2,4,19

These studies, however, included all the radiation
trials started in the 1960s, using older equipment
and radiation techniques and considered obsolete by
present standards. Also, in various past trials differ-
ent areas were encompassed in the irradiated vol-
ume, and the trials differed in techniques of radia-
tion, treatment planning, age, nodal status, and the
use of adjuvant chemotherapy. Therefore, the meta-
analyses of previous studies may not be relevant to
current practice.

There are at least nine reported randomized trials
comparing the combined treatment with chemo-
therapy alone.20-26 Of these, only the Danish study20

found that radiotherapy had a benefit of a mag-
nitude similar to that in our trial, and there was a
significant survival benefit in favor of radiotherapy
(P�0.001). The patients in that study were similar
to those in our cohort; there was a large and ho-
mogeneous group of premenopausal, node-positive
patients treated with chemotherapy and five-field
radiotherapy.20 The other eight studies were not
similar to ours or the Danish trial, either because the
number of randomized premenopausal patients was
small or because the radiotherapy techniques or the
chemotherapy schedules were heterogeneous.

Our data suggest that locoregional disease is not
only a marker of systemic disease but also, in some
patients, a potential source for its future dissemina-
tion. The Stockholm trial27 also provides evidence
that locoregional radiotherapy in node-positive pa-
tients decreases the risk of systemic metastases. In this
context, the interaction with adjuvant chemotherapy
may be important, because chemotherapy is expect-

Figure 3. Breast-Cancer–Specific Survival in the Study Groups.
In the group receiving chemotherapy combined with radiother-
apy, 62 of 164 patients died of metastatic breast cancer. The ra-
tio of observed events to expected events was 0.84. In the
group receiving chemotherapy alone, 76 of 154 patients had
metastatic breast cancer or died. The ratio of observed events
to expected events was 1.18. The relative risk of death from
metastatic breast cancer when the former group was com-
pared with the latter was 0.71 (P�0.05).
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Figure 4. Overall Survival in the Study Groups.
In the group receiving chemotherapy combined with radiother-
apy, 66 of 164 patients died. The ratio of observed deaths to
expected deaths was 0.86. In the group receiving chemothera-
py alone, 78 of 154 patients died. The ratio of observed deaths
to expected deaths was 1.16. The relative risk of death when
the former group was compared with the latter was 0.74
(P�0.07).
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ed to eliminate systemic micrometastases more effec-
tively than locoregional disease.9-11,15 In node-posi-
tive patients, adding locoregional radiotherapy may
be essential to prevent secondary dissemination from
the residual locoregional metastatic disease, and it
could increase the potential for cure. 

Because all our patients were uniformly treated
with chest-wall and nodal radiation, our results may
not apply to patients treated with breast irradiation
alone after conservative surgery. Four randomized
trials comparing breast irradiation with no irradi-
ation in patients who underwent conservative sur-
gery28-31 showed significant reductions in the rate of
relapse in the breast but no effect on systemic recur-
rences or overall survival. Therefore, it may be nec-
essary to add nodal radiation to breast irradiation in
premenopausal node-positive patients who are treat-
ed with partial mastectomy and adjuvant chemo-
therapy.

Locoregional radiation is not routinely used at
present in patients with node-positive breast cancer,
although it is coming into use to treat patients with
10 or more positive nodes32,33 and occasionally those
with 4 or more positive nodes. The routine use of
radiation in all node-positive patients would repre-
sent a substantial shift in treatment for breast cancer.
Our data indicate that locoregional disease remain-
ing after definitive surgery may be an important

*This analysis included 183 patients with one to three positive nodes (92 in the chemotherapy group
and 91 in the chemotherapy–radiotherapy group) and 112 patients with four or more positive nodes
(54 and 58 patients, respectively). Twenty-three randomized patients with unknown nodal status (8 in
the chemotherapy group and 15 in the chemotherapy–radiotherapy group) were not included.

TABLE 3. RATES OF SURVIVAL FREE OF SYSTEMIC AND LOCOREGIONAL DISEASE, 
ACCORDING TO THE NUMBER OF POSITIVE LYMPH NODES.*

DISEASE CATEGORY

AND NODAL STATUS CHEMOTHERAPY

CHEMOTHERAPY

AND RADIOTHERAPY P VALUE

RELATIVE RISK

(95% CONFIDENCE

INTERVAL)

percent surviving

Systemic disease

1–3 Positive nodes
5 yr
10 yr
15 yr

66
53
49

79
68
63

0.06 0.65 (0.41–1.02)

�4 Positive nodes
5 yr
10 yr
15 yr

39
24
20

52
44
33

0.05 0.64 (0.41–1.00)

Locoregional disease

1–3 Positive nodes
5 yr
10 yr
15 yr

84
84
67

93
90
90

1.17 0.55 (0.23–1.30)

�4 Positive nodes
5 yr
10 yr
15 yr

72
59
54

82
79
79

0.04 0.45 (0.20–0.98)

*The number shown includes one patient who died.

†The single case of lung cancer was identified histologi-
cally as adenocarcinoma.

TABLE 4. INCIDENCE OF SECOND CANCERS 
AND SIDE EFFECTS OF TREATMENT.*

SITE OF CANCER

OR SIDE EFFECT

CHEMOTHERAPY

(N�154)

CHEMOTHERAPY

AND RADIOTHERAPY

(N�164)

no. of patients

Contralateral breast 10 9*

Ovary 0 1*

Uterine cervix 0 1

Lung† 1* 0

Colon 1 0

Rectum 1* 0

Anus 0 1*

Acute myelogenous 
leukemia

0 1*

Arm edema
Without intervention
Intervention required

4
1

9
6

Congestive heart failure 0 1

Pneumonitis 0 1
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source of systemic disease. The elimination of lo-
coregional cancer cells by radiotherapy added to ad-
juvant chemotherapy may reduce mortality in select-
ed patients with breast cancer.

We are indebted to the following colleagues at the British Colum-
bia Cancer Agency: Dr. Ann Worth, for assistance with the conduct
of the study; and Mr. David Noble, Dr. Ralph Durand, Dr. Joe Con-
nors, and Dr. Nevine Murray, for their review of the manuscript.
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