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ABSTRACT

Background Radiotherapy prevents local recur-
rence of breast cancer after breast-conserving surgery.
We evaluated the effect of a supplementary dose of
radiation to the tumor bed on the rates of local recur-
rence among patients who received radiotherapy af-
ter breast-conserving surgery for early breast cancer.

Methods After lumpectomy and axillary dissection,
patients with stage | or Il breast cancer received 50 Gy
of radiation to the whole breast in 2-Gy fractions over
a five-week period. Patients with a microscopically
complete excision were randomly assigned to receive
either no further local treatment (2657 patients) or an
additional localized dose of 16 Gy, usually given in
eight fractions by means of an external electron beam
(2661 patients).

Results During a median follow-up period of 5.1
years, local recurrences were observed in 182 of the
2657 patients in the standard-treatment group and 109
of the 2661 patients in the additional-radiation group.
The five-year actuarial rates of local recurrence were
7.3 percent (95 percent confidence interval, 6.8 to 7.6
percent) and 4.3 percent (95 percent confidence inter-
val, 3.8 to 4.7 percent), respectively (P<0.001), yielding
a hazard ratio for local recurrence of 0.59 (99 percent
confidence interval, 0.43 to 0.81) associated with an
additional dose. Patients 40 years old or younger ben-
efited most; at five years, their rate of local recurrence
was 19.5 percent with standard treatment and 10.2 per-
cent with additional radiation (hazard ratio, 0.46 [99
percent confidence interval, 0.23 to 0.89]; P=0.002). At
five years in the age group 41 to 50 years old, no dif-
ferences were found in rates of metastasis or overall
survival (which were 87 and 91 percent, respectively).

Conclusions In patients with early breast cancer
who undergo breast-conserving surgery and receive
50 Gy of radiation to the whole breast, an additional
dose of 16 Gy of radiation to the tumor bed reduces the
risk of local recurrence, especially in patients younger
than 50 years of age. (N Engl J Med 2001;345:1378-87.)
Copyright © 2001 Massachusetts Medical Society.
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EVERAL randomized clinical trials!s and a

meta-analysis® have shown similar survival rates

after breast-conserving therapy and after mas-

tectomy in patients with early breast cancer.
The B-06 trial of the National Surgical Adjuvant Breast
and Bowel Project and other trials demonstrated that
after microscopically complete excision, irradiation of
the whole breast with a dose of 50 Gy reduced the rate
of recurrence in the ipsilateral breast from 35 percent
to 10 percent.#710 However, little is known about
the effect of irradiation of the breast at doses higher
than 50 Gy.

In the absence of data from randomized trials, there
is no uniformity in the dose of radiation and the sched-
ules of fractionation that are used after breast-conserv-
ing surgery. To investigate the effect of an additional
dose of radiation (a boost) aimed at the tumor bed af-
ter the administration of 50 Gy to the whole breast,
the European Organization for Research and Treat-
ment of Cancer (EORTC) designed the present trial.
We report the first analysis of outcomes in patients
with completely excised primary tumors who were
randomly assigned to receive the standard therapy —
50 Gy of radiation to the whole breast — or standard
therapy plus an additional dose of radiation of 16 Gy
directed at the tumor bed.

METHODS
Study Design

Between 1989 and 1996, we enrolled 5569 patients with stage I
or II breast cancer who had undergone macroscopically complete
surgical removal of the tumor and axillary dissection. The 5318 pa-
tients in whom the tumor had been completely excised on micro-
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scopical examination (as judged on the basis of the pathology re-
port) were randomly assigned to undergo 50-Gy irradiation of the
whole breast with or without an additional dose of 16 Gy to the
tumor bed; 2661 patients were assigned to the additional-radiation
group and 2657 to the standard-treatment group. Patients with a
microscopically incomplete excision were assigned to receive boost-
er doses of 10 or 26 Gy; these 251 patients were excluded from the
analyses reported here. At randomization, patients were stratified
according to age, menopausal status, the presence or absence of an
intraductal component in and around the invasive tumor, clinical tu-
mor size, clinical nodal status, and center. The sample size was cal-
culated so as to give the study a 90 percent probability of detecting
a 5 percent improvement in 10-year survival. An independent data
monitoring committee was convened before 10 years had elapsed.
The committee advised that we publish the data on local control of
the cancer after a median of five years of follow-up, since a statisti-
cally significant effect of the higher dose of radiation on the rate
of local recurrence was clearly demonstrated and since it was con-
cluded that these results were unlikely to change with additional
follow-up.
Eligibility

Patients with breast cancer of clinical stage T1-2,N0-1,M0
were eligible for the trial.!! Patients older than 70 years of age, or
those with pure carcinoma in situ, multiple tumor foci in more than
one quadrant, a history of other cancers, an Eastern Cooperative
Oncology Group (ECOG) performance score higher than 2, resid-
ual microcalcifications on mammography, or gross residual disease
in the breast after lumpectomy (unless reexcision had been per-
formed) were ineligible. Oral informed consent was obtained ac-
cording to the guidelines of the EORTC and the local and national
rules of the participating centers. Patients came from 31 centers in
nine countries. There were major violations of eligibility criteria in
the cases of 26 patients — residual microcalcifications on postop-
erative mammography (6 patients), previous history of a malignant
tumor (5 patients), pure intraductal carcinoma in situ (3 patients),
stage T3 tumor (2 patients), clinically fixed axillary nodes (2 pa-
tients), and various other violations (8 patients). In addition, 107
patients were older than 70 years, and for 343 patients the delay
between surgery and the start of radiotherapy was longer than that
allowed by the protocol. The latter two groups were considered to
have minor deviations from the protocol. All patients, whether eli-
gible or ineligible, were included in the analysis.

Treatment

The protocol called for patients to undergo surgical excision of
the primary tumor, with a 1-cm margin of macroscopically normal
tissue (lumpectomy), and an axillary dissection. Any removal of ad-
ditional breast tissue after the excision of the primary tumor was
termed a reexcision, whether it was performed during the same ses-
sion or later. Postoperative mammography was required if suspicious
microcalcifications were seen before lumpectomy. The surfaces of
specimens were routinely marked with India ink in the participating
centers. Any invasive carcinoma that was found on microscopical
examination to have crossed the inked margin was defined as in-
completely excised. Patients with a microscopically incomplete ex-
cision underwent randomization separately to an additional dose of
radiation of either 10 Gy or 26 Gy. Patients with axillary lymph-
node involvement received adjuvant systemic therapy: premenopaus-
al patients received chemotherapy, and postmenopausal patients re-
ceived tamoxifen. Patients not given adjuvant chemotherapy began
radiotherapy within nine weeks after lumpectomy. For patients who
received adjuvant chemotherapy, a delay of up to six months before
irradiation was allowed. Irradiation of the whole breast was per-
formed with the use of two tangential megavoltage photon beams
(high-energy x-ray or tele-cobalt). A total dose of 50 Gy over a
five-week period, with a dose of 2 Gy per fraction, was delivered at
the intersection of the central axes of the beams.!2 The additional
dose of 16 Gy was given to the center of the area from which the
tumor had been excised; it was given in eight equal external-beam

fractions with fast electrons or tangential photon fields, or alterna-
tively, by means of an iridium-192 implant with a dose rate of 10 Gy
per 24 hours.!215

The target area for the additional dose of radiation was the site
of the primary tumor, with a margin of 1.5 cm around the primary
tumor after microscopically complete excision and of 3.0 cm after
incomplete excision or in case of invasive cancer with extensive duc-
tal carcinoma in situ.

Quality Assurance

At the start of the trial, the participating physicians received
guidelines,!3!4 a quality-assurance program was implemented to con-
firm that breast irradiation was carried out in a standard fashion in
all centers,*+17 a team of physicists verified the calibration of the
beams in the participating centers, and a program was set up for
thermoluminescent dosimetry. If a major deviation between the cal-
culated doses and the delivered doses was detected, a local audit was
held to identify the reason. A central pathology review was per-
formed by one pathologist at the Netherlands Cancer Institute.

Statistical Analysis

All analyses were conducted according to the intention-to-
treat principle. The randomization was performed centrally at the
EORTC Data Center by means of the minimization technique.!8
The time to local recurrence was calculated from the date of ran-
domization. All recurrences in the treated breast, before or after the
detection of distant metastases, were taken into account. Data for
patients who remained free of local disease were censored as of the
date when the last follow-up information was obtained. The primary
analysis of time-to-event end points was performed with the use of
a two-sided log-rank test at the 5 percent level of significance.!?

Analysis was performed on subgroups defined by the factors that
had been used for stratification before randomization: age, men-
opausal status, presence or absence of ductal carcinoma in situ,
clinical tumor size, and nodal status. The probability of event-free
survival was estimated with the Kaplan—Meier technique. For the
analysis of prognostic factors, we used a Cox proportional-hazards
regression model, stratified according to treatment-group assign-
ment.2° These latter analyses included all 5569 patients. Univariate
and multivariate analyses were conducted to determine which factors
were associated with local control of the cancer. A univariate analy-
sis was conducted first, and then a backward-selection procedure
was used to determine the composition of the multivariate models.
Initially, all the variables that were significant at the 0.05 level in
the univariate analysis were entered in the model. The least signif-
icant variables were then sequentially removed from the model. The
last variables to be removed were checked for reentry into the mod-
el, in order to validate the final model. For the multivariate analyses,
the models obtained with both the 0.05 and 0.01 levels of signif-
icance are described.

RESULTS

Characteristics of the Patients, the Tumors,
and the Treatments

Characteristics of the patients were similar in the
two groups (Table 1). To achieve a microscopically
complete resection, reexcision was required in 24
percent of the patients. In 99 percent of the patients,
axillary dissection was performed. The median num-
ber of axillary nodes examined was 12 (range, 0 to
49), and in 60 percent of the patients more than 10
lymph nodes were examined. A total of 13 percent
of the patients had a hematoma or breast infection
as a complication. Another 17 percent had a seroma
or an infection of the axillary wound. The median
interval between lumpectomy and the start of radio-
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TABLE 1. CHARACTERISTICS OF THE PATIENTS AND THE TUMORS.

CHARACTERISTIC

Patient

Age
Median
Range

Age group
<35yr
36-40 yr
41-50 yr
51-60 yr
>60 yr
Menopausal status
Unknown
Premenopausal
Postmenopausal
ECOG performance score*
Unknown
0
1-2
Tumor
Size determined by palpation
Unknown
Not palpable
<1 cm
1-1.9 cm
2-3 cm
>3 cm
Size determined by mammography
<l cm
1-1.9 cm
2-3 cm
>3 cm
Unknown
Tumor stage

Nodal status
NO
N1-2
NX
Reexcision
Unknown
No
Yes
Largest diameter of dominant lesion
on visual examination
Unknown
<10 mm
10-20 mm
>20 mm

STANDARD- ADDITIONAL-
TREATMENT RADIATION
GRroupr GRoupP
(N=2657) (N=2661)
yr
54.9 54.8
22.7-83.5 25.6-78.8
no. (%)

72 (2.7) 2(3.1)
156 (5.9) 139 (5.2)
665 (25.0) 669 (25.1)
943 (35.5) 860 (32.3)
821 (30.9) 911 (34.2)
10 (0.4) 8 (0.3)
999 (37.6) 1004 (37.7)
1648 (62.0) 1649 (62.0)
10 (0.4) 9 (0.3)
2335 (87.9) 2335 (87.7)
312 (11.7) 317 (11.9)
336 (12.6) 348 (13.1)
569 (21.4) 581 (21.8)
315 (11.9) 313 (11.8)
856 (32.2) 829 (31.2)
433 (16.3) 449 (16.9)
148 (5.6) 141 (5.3)
576 (21.7) 525 (19.7)
1027 (38.7) 1067 (40.1)
397 (14.9) 436 (16.4)
110 (4.1) 104 (3.9)
547 (20.6) 529 (19.9)
1379 (51.9) 1373 (51.6)
1274 (47.9) 1281 (48.1)

4(0.2) 7 (0.3)
2409 (90.7) 2383 (89.6)
182 (6.8) 209 (7.9)
66 (2.5) 69 (2.6)

8(0.3) 8(0.3)
2003 (75.4) 1991 (74.8)
646 (24.3) 662 (24.9)

49 (1.8) 2 (2.3)

683 (25.7) 635 (23.9)
1402 (52.8 1451 (54.5)
523 (19.7) 513 (19.3)

CHARACTERISTIC

Tumor (continued)
Histologic type of carcinoma
Unknown
Invasive ductal
Invasive lobular
Mixed invasive
Tubular
Medullary
Colloid
Other
No. of nodes examined
Unknown
0
1-5
6-10
11-15
>15
Number of positive nodes
Unknown
0
1-3
=4
Hormone-receptor statusf
Estrogen
Negative
Positive
Unknown
Progesterone
Negative
Positive
Unknown
Estrogen and progesterone
Unknown
Estrogen positive, progesterone
positive
Estrogen positive, progesterone
negative
Estrogen negative, progesterone
positive
Estrogen negative, progesterone
negative

STANDARD- ADDITIONAL-
TREATMENT RADIATION
Groupr GRoup
(N=2657) (N=2661)
no. (%)

8 (0.3) 8 (0.3)
2155 (81.1) 2198 (82.6)
228 (8.6) 219 (8.2)
65 (2.4) 1(3.0)
99 (3.7) 1(2.7)
58 (2.2) 9 (1.8)
37 (14) 3(1.2)

7 (0.3) 2(0.1)
69 (2.6) 75 (2.8)
21 (0.8) 16 (0.6)
170 (6.4) 176 (6.6)
813 (30.6) 826 (31.0)
876 (33.0) 914 (34.3)
708 (26.6) 654 (24.6)
25 (0.9) 20 (0.8)
2078 (78.2) 2090 (78.5)
452 (17.0) 449 (16.9)
102 (3.8) 102 (3.8)
525 (19.8) 528 (19.8)
1391 (52.4) 1409 (53.0)
741 (27.9) 724 (27.2)
601 (22.6) 625 (23.5)
1168 (44.0) 1187 (44.6)
888 (33.4) 849 (31.9)
893 (33.6) 853 (32.1)
1031 (38.8) 1042 (39.2)
255 (9.6) 267 (10.0)
133 (5.0) 141 (5.3)
345 (13.0) 358 (13.5)

*ECOG denotes Eastern Cooperative Oncology Group.

tStatus was determined by local procedures, either by ligand-binding assay (charcoal) or immunohistochemical analysis.
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therapy was 39 days (range, 3 to 156) for patients
who did not receive postoperative chemotherapy and
52 days (range, 14 to 469) for those who did receive
postoperative chemotherapy. The median dose of
radiation delivered to the tumor bed was 50 Gy
(range, 2 to 73) in the standard-treatment group
and 66 Gy (range, 23 to 79) in the additional-radi-
ation group. Axillary irradiation was given to the 272
patients who did not undergo a complete axillary
dissection or to patients with positive lymph nodes
in the highest level of the axillary surgical specimen.
Irradiation of the internal mammary lymph nodes
was performed in 1089 of the patients. In the stand-
ard-treatment group, 53 (2 percent) nevertheless re-
ceived an additional dose, and the treatment was not
documented in 24 patients (1 percent). In the addi-
tional-radiation group, 26 patients (1 percent) received
no additional dose and for 21 patients (0.8 percent)
the information was missing. These patients’ treat-
ments were considered to be protocol violations; how-
ever, they were included in the intention-to-treat analy-
sis. In 90 percent of the patients in this group, external
irradiation was used for the additional dose (63 per-
cent with electrons and 27 percent with photons), and
in 8 percent an interstitial implant was used; no infor-
mation was available on the method of delivery of the
additional dose for the remaining 1 percent. Details re-
garding systemic adjuvant therapies are presented in
Table 2.

Follow-up

The median duration of follow-up was 5.1 years
(maximum, 10.2 years), by which point 479 of the

5318 patients with a microscopically complete resec-
tion had died and 291 had had local recurrences.

Local Control

Local recurrence was observed in 182 of the 2657
patients assigned to receive only the initial 50 Gy of
irradiation of the whole breast and in 109 of the 2661
patients assigned to receive 50 Gy plus an additional
dose of 16 Gy. This incidence corresponds to five-year
actuarial rates of local recurrence of 7.3 percent (95
percent confidence interval, 6.8 to 7.6 percent) and 4.3
percent (95 percent confidence interval, 3.8 to 4.7 per-
cent), respectively (P<<0.001), and a hazard ratio for
local recurrence of 0.59 (99 percent confidence inter-
val, 0.43 to 0.81) associated with an additional dose
(Fig. 1). Local recurrence was the first event in 5.9 per-
cent of the patients in the standard-treatment group
and 3.3 percent of those in the additional-radiation
group. In the standard-treatment group, 18 local re-
currences were reported after another recurrence (i.e.,
a distant metastasis, a regional metastasis, or contralat-
eral breast cancer); 9 such events occurred in the ad-
ditional-radiation group. Overall, 47 percent of the
local recurrences occurred in the primary tumor bed,
9 percent in the scar, and 29 percent outside the area
of the original tumor, and 27 percent were diffuse
throughout the breast. Analyses of subgroups defined
according to the stratification factors (Table 3) found
the largest clinical benefit from the higher dose of
radiation in patients 40 years old or younger (Fig.
2). The benefit of the additional dose in local control
was independent of whether the patients received ad-
juvant systemic treatment. The hazard ratio was 0.66

TABLE 2. ADJUVANT HORMONAL TREATMENT OR CHEMOTHERAPY.

ADJUVANT
SUBGROUP

Unknown
None

Premenopausal, node-negative

Chemotherapy

Unknown
None

Premenopausal, node-positive

Chemotherapy

Unknown
None

Postmenopausal, node-negative

Chemotherapy

Tamoxifen

Chemotherapy

TREATMENT

STANDARD- ADDITIONAL-
TREATMENT RADIATION
GRoup GRoupP

no./total no. with data in subgroup (%)

5/775 (0.6)
726,775 (93.7)
44/775 (5.7)
0/221
47,221 (21.3)
174,221 (78.7)
13/1301 (1.0)
1072/1301 (82.4)
16,1301 (1.2)
189/1301 (14.5)
11,1301 (0.8)

5/774 (0.6)
723/774 (93 4)
46/774 (5.9)
1/226 (0.4)
28,226 (12.4)
197,226 (87.2)
12/1316 (0.9)
1062,/1316 (80.7)
24/1316 (1.8)
212/1316 (16.1)
6/1316 (0.5)

and tamoxifen

Unknown
None

Postmenopausal, node-positive

Chemotherapy

Tamoxifen

Chemotherapy
and tamoxifen

5/333 (1.5)
22/333 (6.6)
40,333 (12.0)

231/333 (69.4)
35,333 (10.5)

5/325 (1.5)
22/325 (6.8)
29/325 (8.9)

247 /325 (76.0)
22/325 (6.8)
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20+

P<0.001

Cumulative Incidence (%)
S
1

Standard treatment

|

Additional radiation

r T T T T
1 2 3
No. oF EVENTS/NO. AT Risk
Standard treatment  17/2657  46/2594  44/2464
Additional radiation ~ 7/2661  21/2613  22/2501

Years of Study

31/2193
25/2243

17/1732
17/1757

15/1197
8/1196

11/748
4/749

1/376
2/365

Figure 1. Cumulative Incidence of Recurrence of Tumor in the Ipsilateral Breast after Whole-Breast Irradiation at
50 Gy, with or without an Additional Dose to the Tumor Bed.

The P value was calculated by the overall log-rank test for the comparison of the time to local recurrence between

the groups. The I bars represent standard deviations.

(99 percent confidence interval, 0.47 to 0.93; P=
0.002) for patients who received no adjuvant treat-
ment, and 0.40 (99 percent confidence interval, 0.20
to 0.81; P=0.001) for patients who received adjuvant
treatment.

Univariate and Multivariate Analysis of Prognostic Factors
for Local Control

In the univariate Cox proportional-hazards regres-
sion analysis, patients were stratified according to treat-
ment-group assignment. The following factors had a
significant negative effect on local control: young age,
premenopausal status, large tumor size (as determined
by palpation or as pathologically measured), incom-
plete first excision of the tumor, absence of estrogen
or progesterone receptors, and lack of systemic adju-
vant treatment. The variables that reached the 0.05
level of significance in association with age or local
control for the overall population were entered in the
first step of the multivariate model. Except for the du-
ration of the interval between lumpectomy and the
start of radiotherapy, the total dose to the tumor bed,
and the use or nonuse of axillary irradiation, all var-
iables were entered in the first step of the multivariate
analysis. The backward-elimination process showed
that three variables were significant at P<<0.05: older
age (P<<0.001; hazard ratio, 0.59 [95 percent confi-
dence interval, 0.48 to 0.71]), the presence of palpable

1382 - N Engl ] Med, Vol. 345, No. 19 - November 8, 2001

tumors (P=0.007; hazard ratio, 2.14 [95 percent con-
fidence interval, 1.23 to 3.72]), and the presence of
a progesterone receptor (P=0.004; hazard ratio, 0.66
[95 percent confidence interval, 0.49 to 0.87]), which
indicates that the risk of local recurrence was highest
in younger patients (Fig. 3), in those in whom the tu-
mor was palpable, and in those who lacked progester-
one receptors. At a significance level of 0.01, the mod-
el retained the same factors, but at a significance level
of 0.001 it retained only age (P<<0.001; hazard ratio,
0.56 [99 percent confidence interval, 0.51 to 0.68]).

The multivariate analysis of factors associated with
local control was repeated with the additional treat-
ment as a covariate as well as the presence or absence
of progesterone receptors, the presence or absence of
palpable tumor, and age. This analysis demonstrated
that all three clinical factors remained significant at the
0.05 level, but only age and the use of an additional
dose of radiation remained significant at a level of
0.001. The effect of the additional dose remained
significant in this multivariate analysis (hazard ratio,
0.51; 95 percent confidence interval, 0.37 to 0.70;
P<0.001).

Salvage Treatment for Local Recurrences

Salvage treatment for local recurrences consisted
primarily of total mastectomy; some patients under-
went conservative salvage operations. Mastectomy and
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TABLE 3. RESULTS OF SUBGROUP ANALYSES OF LOCAL CONTROL ACCORDING TO STRATIFICATION FACTORS.*

VARIABLE STANDARD-TREATMENT GROUP
NO. OF LOCAL ACTUARIAL
RECURRENCES/ 5-YR LOCAL
NO. OF PATIENTS RECURRENCE RATE
WITH DATA (95% CI)
percent

Age

<40 yr 46,228 19.5 (16.5-22.5)

41-50 yr 61/665 9.5 (8.2-10.7)

51-60 yr 43/943 4.2 (3.5-4.9)

>60 yr 32/821 4.0 (3.2-4.7)
Menopausal status

Premenopausal 106/999 10.3 (9.2-11.4)

Postmenopausal 76,/1648 4.6 (4.1-5.2)
Tumor stage

T1 88/1379 5.9 (5.2-6.6)

T2 94/1274 7.8 (7.0-8.7)
Nodal status

NO 169,/2409 6.9 (6.4-7.5)

N1-2% 9/182 5.6 (3.7-7.4)
Ductal carcinoma in situ

Absent 92/1641 5.4 (4.8-6.0)

Present 90,1015 9.3 (8.2-10.3)

REDUCTION IN THE
ANNUAL OpDS OF

LocAL RECURRENCE
ADDITIONAL-RADIATION GROUP (95% ClI) P VALUE
NO. OF LOCAL ACTUARIAL
RECURRENCES / 5-YR LOCAL
NO. OF PATIENTS RECURRENCE RATE
WITH DATA (95% CI)
percent
22/221 10.2 (7.9-12.5) 54 (25-71) 0.002
38/669 5.8 (4.8-6.8) 38 (8-58) 0.02
25/860 3.4 (2.7-4.1) 36 (0-60) 0.07
24/911 2.5(1.9-3.2) 32 (0-60) 0.14
61,/1004 6.8 (5.8-7.6) 40 (19-506) 0.001
45/1649 2.8 (2.3-3.2) 41 (15-59) 0.004
50/1373 4.0 (3.3-4.6) 42 (19-59) 0.001
58,1281 4.5 (3.9-5.2) 39 (16-56) 0.002
92,2383 4.2 (3.4-4.6) 43 (27-55) 0.001
11/209 5.7 (3.7-7.6) 0 (0-56) 0.89
56/1644 3.5 (3.0-4.0) 40 (17-56) 0.002
53/1014 5.6 (4.5-6.5) 41 (17-57) 0.002

*CI denotes confidence interval.

1The results of this analysis may not be valid, owing to the small number of events in both groups.

lumpectomy were performed in 131 and 24 patients,
respectively, among the 182 patients with local recur-
rence in the standard-treatment group, and 82 and 11
patients, respectively, among the 109 patients with lo-
cal recurrence in the additional-radiation group; 34
patients received systemic treatment alone or com-
bined with hormonal therapy; and in 9 patients no in-
formation was available regarding salvage therapy.

Side Effects of the Booster Dose

The higher dose of radiation was expected to in-
crease the incidence and the degree of fibrosis and
cause an unsatisfactory cosmetic result. To date, we
have not seen a significant difference in the grades of
fibrosis, as scored by physicians on a four-point scale
(with 0 indicating the absence of fibrosis and 3 indi-
cating severe fibrosis) between the patients who re-
ceived the additional dose and those who did not. The
grades of fibrosis in the whole breast for patients in
the standard-treatment and additional-radiation groups
were as follows: 1288 patients (48 percent) and 1339
patients (50 percent), respectively, had no fibrosis; 991
(37 percent) and 908 (34 percent), respectively, had
minor fibrosis; 236 (9 percent) and 261 (10 percent),
respectively, had moderate fibrosis; 24 (1 percent) and
32 (1 percent), respectively, had severe fibrosis; and in
118 (4 percent) and 121 (5 percent), respectively, the
grade of fibrosis was unknown. The cosmetic results
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were the subject of separate studies and have been
published elsewhere.21.22 Excellent or good cosmetic
results were obtained in 86 percent of the patients in
the standard-treatment group, as compared with 71
percent of the patients in the additional-radiation
group. No other side effects of the additional dose
have been observed.

Survival and Causes of Death

Survival free of distant metastases and overall surviv-
al were similar in the two treatment groups (P=0.93
and P=0.63, respectively), with five-year rates of 87
percent and 91 percent, respectively, in both groups
(Fig. 3). No analysis of subgroups defined according
to the stratification factors was conducted. The causes
of death were also similar in the two treatment groups.
Of the 479 deaths, 361 — 186 in the standard-treat-
ment group and 175 in the additional-radiation group
— were due to breast cancer.

DISCUSSION

Multiple randomized trials have conclusively dem-
onstrated that breast irradiation markedly reduces the
rate of local recurrence after conservation surgery for
breast cancer, but these studies did not deal with the
dose or fractionation of radiation. The decision to de-
liver an additional localized dose of irradiation is based
on the fact that most local recurrences occur within
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Figure 2. Cumulative Incidence of Recurrence of Tumor in the Ipsilateral Breast after Whole-Breast Irradiation at 50 Gy, with or with-
out an Additional Dose to the Tumor Bed, According to Age.

At five years, the rate of local recurrence in patients 40 years old or younger was 10.2 percent in the additional-radiation group, as
compared with 19.5 percent in the standard-treatment group (hazard ratio, 0.46 [99 percent confidence interval, 0.23 to 0.89]); in
patients 41 to 50 years old, the rates were 5.8 percent (99 percent confidence interval, 4.8 to 6.8 percent) and 9.5 percent (99 percent
confidence interval, 8.2 to 10.7 percent), respectively; in patients 51 to 60 years old, the rates were 3.4 percent (99 percent confidence
interval, 2.7 to 4.1 percent) and 4.2 percent (99 percent confidence interval, 3.5 to 4.9 percent), respectively; and in patients older
than 60 years of age, the rates were 2.5 percent (99 percent confidence interval, 1.9 to 3.2 percent) and 4.0 percent (99 percent
confidence interval, 3.2 to 4.7 percent), respectively. P values were calculated by the overall log-rank test for the comparisons of
the time to local recurrence between the groups. The I bars represent standard deviations, and N denotes the number of patients

in each age group.

the vicinity of the primary tumor. For this reason,
additional treatment was prescribed in all but one of
the randomized trials that established the equivalence
of breast-conserving and radical surgical therapy.l
However, the National Surgical Adjuvant Breast and
Bowel Project trials limited the dose of radiation to
50 Gy when the excised tumor had microscopically
negative margins, a practice that has been adopted as
standard therapy in published guidelines.2? OQur trial
investigated the benefits and risks of adding an addi-
tional 16-Gy dose to this standard 50-Gy irradiation
of the whole breast in patients with completely excised

1384 - N Engl ] Med, Vol. 345, No. 19 - November 8, 2001

early breast cancer. We found that an additional dose
to the primary tumor area nearly halved the annual
odds of local recurrence (hazard ratio, 0.59). Prelim-
inary data from a smaller trial are similar to ours.2
A 41 percent reduction in the rate of local recur-
rences is substantial in relative terms, but the absolute
benefit of additional treatment depends on each pa-
tient’s risk of recurrence after receiving the initial 50
Gy of radiation. The only factor we could associate
with the extent of the benefit of additional treatment
was age. Since the unfavorable influence of young age
on the risk of local recurrence and overall survival is
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Figure 3. Survival Free of Local Recurrence According to Age for the Entire Cohort (Panel A) and Over-
all Survival According to Treatment-Group Assignment (Panel B).

There were a total of 58 local recurrences among patients older than 60 years of age, 75 among those
51 to 60 years of age, 109 among those 41 to 50 years of age, 48 among those 36 to 40 years of age,
and 28 among those 35 years of age or younger.
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well established, 2529 it was not unexpected that patients
40 years old or younger would derive the greatest ab-
solute benefit from additional treatment; the cumula-
tive five-year rate of local recurrence was 19.5 percent
without an additional dose and 10.2 percent with an
additional dose. Our analysis also indicated that breast
cancer in younger patients is more responsive to radi-
ation, but there is no clear radiobiologic explanation
for this. We do not suggest that additional treatment
is ineffective in older patients, but its efficacy does de-
crease with increasing age, perhaps because in older
patients local control after 50 Gy of irradiation of
the whole breast alone is excellent. In our opinion, the
absolute benefit of the additional dose justifies its use
in patients 50 years old or younger.

The excellent local control found in this study was
probably due, at least in part, to the intensive quality-
assurance program that monitored surgical and radio-
therapy procedures and the evaluation of pathology
specimens. Unlike many other breast-cancer trials, this
study did not involve the use of systemic adjuvant ther-
apy in most patients, although such therapy has been
shown to improve local control. We found that sys-
temic adjuvant treatment reduced the rate of local re-
currence (hazard ratio, 0.75), although its significance
disappeared in the multivariate analysis. The contri-
bution of the additional dose to improved local con-
trol was similar regardless of whether patients received
systemic adjuvant treatment. Nevertheless, since the
patients were not stratified according to the use or
nonuse of such treatment, it cannot be considered a
substitute for the additional dose, particularly in young
patients.

There are indications that the improvement in local
control associated with breast irradiation after breast-
conserving surgery or mastectomy translates into a
survival advantage.630-32 In our trial, however, the five-
year survival rate was identical in the two treatment
groups. We believe that a follow-up period of at least
10 years would be needed to find a difference in over-
all survival, and we plan to follow our patients for at
least 10 years.

Soft-tissue sarcomas are rarely seen after breast ir-
radiation (incidence, less than 0.5 percent).33 A slight
increase in the incidence of contralateral breast can-
cer was observed in women treated with radiation af-
ter mastectomy, probably as a result of the small dose
of “scatter” radiation to the other breast.3* An increase
in the incidence of second malignant tumors as a con-
sequence of the higher additional dose has not yet
been observed in our trial. However, it is unlikely that
the delivery of an additional 16-Gy dose to a limited
volume of tissue, with the use of modern irradiation
techniques, will lead to a measurable increase in the
risk of such tumors from that associated with 50 Gy
of irradiation of the whole breast.

We found no significant increase in the degree of
fibrosis in the treated breast among women who re-
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ceived an additional dose of radiation. However, a pan-
el consisting of surgeons, radiation oncologists, and
laypersons concluded that excellent or good cosmetic
results were obtained in 86 percent of the patients in
the standard-treatment group at three years, as com-
pared with 71 percent of those in the additional-radi-
ation group. The additional dose was, however, not the
only factor with a negative influence on the cosmetic
outcome. Other factors included the location of the
primary tumor, the size of the tumor, the volume of
tissue excised, and any complications of surgery.21,22
A 5-year follow-up period is too short to allow a de-
finitive analysis of late effects of radiation,35 and a fur-
ther analysis will be performed at 10 years. The reduc-
tion in the incidence of local recurrences associated
with the additional dose far outweighs the slight in-
crease in the poorer cosmetic outcome, especially in
patients younger than 50 years of age.
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CORRECTION

Recurrence Rates after Treatment of Breast Cancer
with Standard Radiotherapy with or without
Additional Radiation

Recurrence Rates after Treatment of Breast Cancer with Standard
Radiotherapy with or without Additional Radiation . On page 1378,
the last sentence of the Results paragraph of the abstract should have
read, ~In patients 41 to 50 years old, the rates were 9.5 percent and
5.8 percent, respectively (P=0.02). At five years, no differences be-
tween treatment groups were found in the rates of metastasis or over-
all survival (which were 87 and 91 percent, respectively).”
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