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Individual patient data were available for all four of the randomized trials that began before 1995, and that compared adju-
vant radiotherapy vs no radiotherapy following breast-conserving surgery for ductal carcinoma in situ (DCIS). A total of
3729 women were eligible for analysis. Radiotherapy reduced the absolute 10-year risk of any ipsilateral breast event (ie,
either recurrent DCIS or invasive cancer) by 15.2% (SE 1.6%, 12.9% vs 28.1% 2 P <.00001), and it was effective regardless
of the age at diagnosis, extent of breast-conserving surgery, use of tamoxifen, method of DCIS detection, margin status,
focality, grade, comedonecrosis, architecture, or tumor size. The proportional reduction in ipsilateral breast events was
greater in older than in younger women (2P < .0004 for difference between proportional reductions; 10-year absolute risks:
18.5% vs 29.1% at ages <50 years, 10.8% vs 27.8% at ages >50 years) but did not differ significantly according to any other
available factor. Even for women with negative margins and small low-grade tumors, the absolute reduction in the 10-year
risk of ipsilateral breast events was 18.0% (SE 5.5, 12.1% vs 30.1%, 2P = .002). After 10 years of follow-up, there was, how-
ever, no significant effect on breast cancer mortality, mortality from causes other than breast cancer, or all-cause

mortality.
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Until the 1980s, ductal carcinoma in situ (DCIS) of the breast was
usually treated by mastectomy. However, following the introduc-
tion of breast-conserving therapy for the treatment of early-stage
invasive breast cancer, local excision of DCIS with or without
radiotherapy to the conserved breast began to be used and, from
1985 to 1990, four randomized trials comparing adjuvant radio-
therapy vs no radiotherapy following local excision for DCIS were
initiated. We report here an overview of their results based on
individual patient data.

Methods

Every 5 years since 1985, evidence from the randomized trials in
early breast cancer has been reviewed centrally in a worldwide
collaboration between the individuals responsible for them (the
Early Breast Cancer Trialists’ Collaborative Group [EBCTCG]).
Two 2005 EBCTCG reports gave the results up to the year 2000
from the trials that began recruitment by 1995 of adjuvant sys-
temic treatments (studying various types of chemotherapy or hor-
monal therapy) (1) and of local treatments (studying various types
of surgery and/or adjuvant radiotherapy) (2). The present report
uses similar methods and gives the results up to September 2006 of
the trials that began by 1995 of adjuvant radiotherapy vs no radio-
therapy following local excision for DCIS.

Trial Identification and Main Outcomes
Trial identification procedures were as in previous EBCTCG reports.

Only unconfounded trials were sought (ie, trials in which there was to
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be no difference between the treatment groups in the extent of sur-
gery or in the use of systemic therapy). Five trials were identified
that began by 2000, and brief design details are given in Table 1.
One trial (Radiation Therapy Oncology Group 9804) began only
in 1999 and is not yet available. The remaining four began in
1985-1990 and have provided information for each patient on
characteristics at diagnosis, allocated treatment, time to first event
and whether the event was ipsilateral recurrence of DCIS, ipsilat-
eral occurrence of invasive breast cancer, occurrence of contralat-
eral DCIS or contralateral invasive breast cancer, or regional or
distant metastasis of breast cancer. Information was also provided
on cause-specific mortality and incident non-breast primary can-
cers. It was assumed that any death attributed to breast cancer had
been preceded by metastatic breast cancer.

Data Management

Data management procedures were as in recent EBCTCG
reports (1,2) except that for each woman additional clinical and
pathological details were sought about her disease. This informa-
tion could have been gathered during later pathological review,
provided that it was based on material obtained at the time of
initial diagnosis or treatment, and provided that samples had not
been selected for pathological review according to allocated treat-
ment or outcome.

Statistical Analysis

Analyses were based on allocated treatment and were stratified by
trial and time since randomization in single years. The analyses
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Table 1. Randomized trials comparing radiotherapy vs the same management without radiotherapy following breast-conserving

surgery for ductal carcinoma in situ (DCIS) of the breast*

No. of Mammo- Negative
Year code, No. of women Median graphic Breast and surgical Central
study name women eligible for follow- detection axillary margins pathological Breast
(reference) Entry dates randomized analysist up (yr) (%) surgery required review radiotherapy
Data available for overview
NSABP B-17  1985-1990 818 798 16.5 80 Local excision Yes 623 (76%) 50 Gy (2 Gy/f)
(3,4, 5) (837% axillary  (13% involved 9% with boost
dissection) or unknown)#
EORTC 10853 1986-1996 1010 918 10.4 72 Local excision Yes 824 (82%) 50 Gy (2 Gy/f)
6, 7,8, 9) (20% axillary  (16% "not free,” 5% with boost
dissection) <Tmm,
involved or
unknown)#
SweDCIS 1987-1999 1067 1011 8.4 79 Sector resection No 271 (25%) 50 Gy (2 Gy/f) (80%)
(10, 11, 12) (17% axillary ~ (11% positive, or 48 Gy (2.4 Gy/f) (13%)
dissection) 9% unknown)¥ or 54 Gy (2 Gy/f)
then 2 wk gap (7%)
Boost not
recommended
UK/ANZ 1990-1998 1030 1002 4.8 100 Local excision Yes 0(0%) 50 Gy (2 Gy/f)
DCIS§(13) (No axillary Boost not
dissection) recommended
Data not yet available
RTOG 9804 1999-2006 636 - - ns Local excision Yes 0 (0%) 50.4 Gy (1.8 Gy/f)

(No axillary or 50 Gy (2 Gy/f)
dissection) or 42.5 Gy (2.7 Gy/f)
Boost not
recommended

and Bowel Project; RTOG = Radiation Therapy Oncology Group.

EORTC = European Organisation for Research and Treatment of Cancer; f = fraction; Gy = Gray; ns = not specified; NSABP = National Surgical Adjuvant Breast

T After exclusion of women with a benign lesion only or with microinvasion, invasion, Paget’'s disease, other cancer present at randomization, or other study-

specific protocol violation.

1 Including information from later pathological reviews, provided that that it was based on material obtained at the time of initial diagnosis or treatment and pro-
vided that samples had not been selected for pathological review according to allocated treatment or outcome.

& Microinvasion (<1 mm) allowed, present in 0.3%. A total of 1694 women were randomized in this trial. However, 664 were women randomized in a comparison
of tamoxifen vs not. They have therefore been excluded from the present overview. A total of 540 of the 1002 women included in the overview were random-
ized to radiotherapy and tamoxifen vs tamoxifen alone, while the remainder were randomized to radiotherapy vs not.

of breast events, breast cancer mortality, heart disease mortality,
mortality without a breast event, non-breast primary cancer inci-
dence, and any death were also stratified by age at randomization
in five groups (<40, 40-49, 50-59, 6069, >70 years). Only two age
groups [<50 and >50 years, as in previous analyses (2)] were used,
however, for analyses that were also subdivided by other character-
istics. Unless otherwise indicated, other aspects of the statistical
methods and the formats of the figures are as before (1,2) and are
described on the EBCTCG website (www.ctsu.ox.ac.uk/projects/e
beteg).

Collaborative Review

A preliminary meta-analysis of these trials was presented and dis-
cussed at a meeting of collaborators in September 2006, after
which much additional information was sought about clinical and
pathological details and about outcomes. Revised meta-analyses
were presented at the National Institutes of Health State-of-the-
Science Conference on DCIS in September 2009 and were circu-
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lated for comment by collaborating EBCTCG trialists. A draft of
the present report was circulated for comment to the trialists in
December 2009, and the manuscript was revised in the light of
comments received.

Results

A total of 3925 women were randomized and, after exclusion of
those who had only a benign lesion at the time of randomization,
or who already had microinvasion, invasion, Paget’s disease or
another cancer present at the time of initial diagnosis, or who had
another study-specific protocol violation, a total of 3729 remained
eligible for the analysis. A total of 21% of them were randomized
during 1985-1989, 46% during 1990-1995, and 32% during
1995-2000. Median follow-up was 8.9 woman-years. A total of 924
women were reported as having experienced a breast event after
randomization, and 74% of the first events were in the ipsilateral

breast (Table 2).

163

2102 ‘6 T9QUIDAON UO 117) 190ue)) SULID)IY UBO[S [BLIOWSA e /310" s[euInolpIiojxo-ouowrrouly/:dyy woiy papeoumod]


http://jncimono.oxfordjournals.org/

Table 2. Numbers of women for whom a breast event during follow-up was reported*

Years since randomization

Allocated BCS+RT (n = 1878)

Allocated BCS (n = 1851) Total (n = 3729)

Any breast event
0-4
5-9
>10
Total
Any ipsilateral breast event as first event
0-4
5-9
>10
Total
Any contralateral breast event as first eventt
0-4
5-9
>10
Total
Regional or distant event as first event
0-4
5-9
>10
Total
Woman-years until first breast event, or end
of follow-up if no event
0-4
5-9
>10
Total

196 359 555
116 141 257
55 57 112
367 557 924
131 311 442
61 111 172
37 33 70
229 455 684
47 35 82
42 24 66
16 22 38
105% 81% 186
18 13 31
13 6 19

2 2 4

33 21 54
8199 7662 15861
4785 4150 8935
2457 2080 4537
15441 13892 29333

BCS = breast-conserving surgery; RT = radiotherapy.

T Includes four RT and six No RT where a contralateral and ipsilateral event occurred within 7 days of each other.

+ 77 RT and 56 No RT events were due to invasive cancer.

Ipsilateral Breast Events

Radiotherapy approximately halved the rate of ipsilateral breast
events (rate ratio 0.46, standard error [SE] 0.05, 2 P < .00001).
At 5 years after randomization the absolute reduction in risk was
10.5% (SE 1.2%, 7.6% vs 18.1%) while at 10 years it was 15.2%
(SE 1.6%, 12.9% vs 28.1%) (Figure 1). By 10 years after random-
ization 192 of the women allocated to BCS+RT had had an
ipsilateral breast event, and for 100 of them it was a recurrence
of DCIS while for the remaining 92 women it was an invasive
cancer. The corresponding numbers for the women allocated to
BCS were 218 with a recurrence of DCIS and 204 with invasive
cancer. Thus for both endpoints the number of events observed
was approximately halved. The rate of ipsilateral breast events
was approximately halved in all four trials, with no evidence of
heterogeneity between the trials in the proportional reduction
(Figure 2).

Radiotherapy was effective in reducing ipsilateral breast events
regardless of whether the woman was aged younger than or older
than 50 years at diagnosis, whether local excision or sector resec-
tion had been performed, and whether or not tamoxifen was to be
given to both treatment arms or to neither (Figure 3). For each
other characteristic, information was unavailable for many women.
Nevertheless, the information that was available sufficed to show
that radiotherapy was effective in reducing ipsilateral breast
events regardless of whether the original tumor was detected by
mammography only or by clinical symptoms, whether the excised
lesion had negative margins, and whether the tumor was unifocal
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Figure 1. Effect of radiotherapy (RT) after breast-conserving surgery (BCS)
(four trials, start dates 1985-1990, 3729 women): 10-year cumulative risks
of any ipsilateral breast event (ie recurrent DCIS or invasive cancer).

Vertical lines indicate 1 SE above or below the 5 and 10 year percentages.
(Figure 4). Radiotherapy was also effective in reducing ipsilat-
eral breast events irrespective of histological or nuclear grade

(Figure 5), of whether there was comedonecrosis or comedo/solid
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architecture (Figure 6), and of clinical or pathological tumor size
(Figure 7).

Radiotherapy resulted in a larger proportional reduction in
the rate of ipsilateral breast recurrence for women aged more
than 50 years than for younger women (rate ratios: age <50
years 0.69, SE 0.12; >50 years 0.38, SE 0.06, 2P = .0004 for the
difference between these proportional reductions), but the pro-
portional reduction did not differ significantly according to any
other factor (Figure 8). When the data were subdivided into five
groups according to age (<40, 40-49, 50-59, 60-69, >70), the
trend in the proportional reduction with age was significant
(P =.02). The difference between the proportional reductions in
younger and older women did not appear to be accounted for by
differences in histological grade or comedonecrosis (Figure 9)
or by differences in nuclear grade or architecture (data not
shown).

Women with negative margins and small low-grade tumors
were identified a priori as a group expected to be at low absolute
risk of ipsilateral breast events, for whom radiotherapy might
therefore provide little absolute gain. However, information
was often unavailable on one or more of these factors, so only
291 such women could be studied. Among them, the 10-year
risk of an ipsilateral event in those allocated not to receive
radiotherapy was, however, substantial at 30.1%, and even with
this relatively small number of women the effect of radiother-
apy was highly significant (rate ratio 0.48, SE 0.17 2P = .002),
with a 10-year absolute gain of 18.0% (SE 5.5%) (Figure 10,
left-hand panel).

Other End-Points

Radiotherapy reduced the risk of any breast event (ie ipsilateral
recurrence of DCIS, ipsilateral occurrence of invasive breast can-
cer, contralateral occurrence of DCIS or invasive breast cancer, or

regional or distant metastasis of breast cancer) (rate ratio 0.59, SE
0.05, P < .00001), and at 5 years after randomization the absolute
reduction was 9.3% (SE 1.3%, 11.3% vs 20.7%), while at 10 years
itwas 11.5% (SE 1.7%, 21.2% vs 32.7%) (Figure 11). In this analy-
sis, which considered first events only, women who were allocated
to radiotherapy experienced higher risks compared with those allo-
cated to no radiotherapy for both contralateral and regional or
distant events but neither difference was significant (contralateral
rate ratio 1.16, SE 0.16 2P > .1; regional or distant rate ratio 1.51,
SE 0.34, 2P > .1).

A total of 353 women were known to have died during
follow-up, 96 from breast cancer, 217 from other causes (includ-
ing 55 from heart disease), and 40 for whom the cause of death was
unknown (Table 3). For breast cancer mortality and for mortality
from all causes, women who were allocated to radiotherapy expe-
rienced slightly higher risks compared with those allocated to no
radiotherapy (breast cancer mortality rate ratio 1.22, SE 0.18, 2P >
.1; all-cause mortality rate ratio 1.11, SE 0.11, 2P > .1) (Figure 12).
Mortality from causes other than breast cancer in the period
before a breast event and mortality from heart disease were also
slightly higher among women allocated to radiotherapy, but the
increases were not significant (all-cause mortality rate ratio 1.04 SE
0.15, 2P > .1; heart disease rate ratio: 1.11, SE 0.33, 2P > .1). A
total of 74 non-breast primary cancers were reported during fol-
low-up, but there was no evidence that radiotherapy had any net
effect on the incidence of such cancers (rate ratio 0.99, SE 0.20,
2P > .1).

Discussion

These randomized trials provide strong and consistent evidence
that, in the populations studied, radiotherapy after breast-conserv-
ing surgery for DCIS approximately halved the rate of ipsilateral

Events/women BCS + RT events
Allocated Allocated LogrankVariance Ratio of annual event rates
Study BCS + RT BCS O—E of O—E BCS + RT: BCS
NSABP B-17 78/400 139/398  -36-8 52.3 w 0-49 (se 0-10)
(19-5%) (34-9%) !
EORTC 10853 64/462 118/456  -28-8  43.9 —m 0-52 (se 0-11)
(13-9%) (25-9%) !
SweDCIS 59/511 131/500 -41.3 459 —.-E— 0-41 (se 0-10)
(11-5%) (26-2%) !
UK/ANZ DCIS 28/505 67/497 205 22.8 — 0-41 (se 0-14)
(5:5%) (13-5%) .
Bl Total 229/ 455/ .127.4 1649 & 0-46 (se 0-05)
1878 ' 2P < 0.00001
(12-:2%) (24-6%) .
- 99% or <= 95% ClI . - L )
0 0-5 1.0 1.5 2.0
Heterogeneity between 4 trials: x§ =2.0; P=06 BCS + RT better | BCS + RT worse

Treatment effect 2P < 0-00001

Figure 2. Effect of radiotherapy (RT) after breast-conserving surgery (BCS): ratio of annual event rates of any ipsilateral breast event by trial.

SE = standard error; Cl = confidence interval.
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Figure 3. Effect of radiotherapy (RT) after
breast-conserving surgery (BCS): 10-year
cumulative risks of any ipsilateral breast
event by age at diagnosis, extent of sur-
gery, and use of tamoxifen (3729 women).
Women given sector resection were from
either the SweDCIS trial (1011 women)
or the EORTC 10853 trial (135 women),
and women using tamoxifen were all in
the UK/ANZ DCIS trial. Information was not
available on estrogen or progesterone
receptor status.

Vertical lines indicate 1 SE above or below
the 5 and 10 year percentages.

breast events during the subsequent decade with little effect on con-
tralateral or distant events. The absolute magnitude of thel0-year
risk reduction was 15%, and in the irradiated group both the num-
ber of women with recurrent DCIS and the number of women with
invasive breast cancer in the conserved breast were substantially
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reduction in the rate of ipsilateral breast

events achieved with radiotherapy was greater in older than in
younger women but did not differ significantly according to any
other factor. The age effect did not appear to be accounted for by
younger women being more likely to have high-grade lesions or
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Figure 4. Effect of radiother-
apy (RT) after breast-conserv-
ing surgery (BCS): 10-year
cumulative risks of any ipsilat-
eral breast event by detection
method (2619 women), mar-
gin status (3355 women) and
focality (1526 women).
Women for whom the surgical
margins were close (<2 mm)
were classified as having neg-
ative surgical margins.

Vertical lines indicate 1 SE above
or below the 5 and 10 year
percentages.
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Figure 5. Effect of radiotherapy (RT) after breast-conserving surgery (BCS): 10-year cumulative risks of any ipsilateral breast event by histological

grade (1794 women) and nuclear grade (1617 women).
Vertical lines indicate 1 SE above or below the 5 and 10 year percentages.

comedonecrosis, and the explanation for it is unknown. A radio-
therapy boost was rarely used (Table 1), and so the impact of a
boost in DCIS could not be assessed.

In these trials, in most of which tamoxifen was not given, 12.9%
of women allocated to radiotherapy had an ipsilateral breast event
within the first decade. This risk is similar to that in a large multi-
institutional series of women diagnosed up to 1995 and given
breast-conserving surgery with radiotherapy (14), suggesting that
the women in these trials were reasonably typical of women diag-
nosed with DCIS during that era. Since then, breast screening has
become more common, so in recent years women diagnosed with
DCIS tend to have smaller lesions. In addition, greater attention is
now paid to achieving negative surgical margins. Both factors are
associated with a lower rate of ipsilateral breast events in the
absence of radiotherapy. Therefore, there has been considerable
interest in identifying patients with favorable features for whom
the rate of ipsilateral breast events in the absence of radiotherapy is
so low that radiotherapy can reasonably safely be omitted (15-17).

In the data available from these trials, it was not possible to
subdivide the women with negative margin status according to
margin width, so women with close (<2 mm) surgical margins had
to be included with other women who had wider margins. Nor was
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it possible to subdivide women with tumors smaller than 20 mm
according to tumor size. Therefore, all women with negative mar-
gin status and low-grade tumors smaller than 20 mm were com-
bined in our “low-risk” group. These criteria are less stringent
than those used in recent nonrandomized studies (15-17) to define
low risk, which could well explain the higher risk of ipsilateral
breast events in the “low-risk” women in these trials. The trial results
suggest, however, that no matter what the underlying rate of ipsi-
lateral breast events may be for particular categories of women, it
will be approximately halved by radiotherapy.

The risks of a contralateral breast event and of a regional or
distant breast event both appeared to be somewhat larger among
the women allocated to radiotherapy than among the controls.
Neither of these increases was statistically significant and so
chance may be the explanation for them. However, the analyses
presented in this article consider only first events and make the
assumption that women who experience an ispilateral breast event
are no more or less likely than other women to experience a
regional, distant, or contralateral event. This independence
assumption cannot be verified from the data. If women with more
aggressive disease are at greater risk of all three types of event,
then, as the predominant effect of the radiotherapy is on ipsilateral
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events, the apparent slight increase in the risk of contralateral and
regional or distant events may be an artifact accounted for by
events that would, in the absence of radiotherapy, have occurred
after an ipsilateral breast event. The analysis of any breast event
does not depend on the independence assumption and confirms
the efficacy of radiotherapy in reducing breast events overall.

In these randomized trials, the risk of death from breast cancer
was non-significantly greater in the women allocated to radiother-
apy than in the women allocated to breast-conserving surgery only,
as was the risk of death from all causes. Breast cancer mortality is
unlikely to be affected by the issues referred to in the previous
paragraph, while mortality from all causes cannot be affected by it.
Therefore, as the differences are not significant, chance seems a
likely explanation for them.

Among the much larger numbers of women in the trials of
radiotherapy following breast-conserving surgery for early invasive
breast cancer, radiotherapy had little effect on breast cancer mor-
tality during the first few years of follow-up but, by 15 years, about
one breast cancer death was avoided for every four local recur-
rences avoided in the first 5 years (2). Theoretically, if about the
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Years since randomization

same 1:4 ratio applied to ipsilateral invasive cancers following
breast-conserving therapy for DCIS, then radiotherapy might be
expected to reduce breast cancer mortality by an absolute amount
of about 1% or 2% by year 15 or 20, which the present trials can
neither exclude nor confirm.
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Figure 7. Effect of radiotherapy (RT) after breast-conserving surgery (BCS): 10-year cumulative risks of any ipsilateral breast event by clinical tumor

size (1192 women) and pathological tumor size (1631 women).

Vertical lines indicate 1 SE above or below the 5 and 10 year percentages.
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Figure 8. Effect of radiotherapy (RT) after breast-conserving surgery (BCS): Ratio of annual event rates of any ipsilateral breast event

by various patient and tumor characteristics.
SE = standard error; ClI = confidence interval.
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Figure 9. Effect of radiotherapy (RT) after breast-conserving surgery (BCS): ratio of annual event rates of any ipsilateral breast event by age and
histological grade and age and comedonecrosis.

SE = standard error; Cl = confidence interval.
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Figure 10. Effect of radiotherapy (RT) after breast-conserving surgery (BCS) on 724 women with negative margin status and pathological tumor
size 1-20 mm according to nuclear grade: 10-year cumulative risks of any ipsilateral breast event.

Vertical lines indicate 1 SE above or below the 5 and 10 year percentages.
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Figure 11. Effect of radiotherapy (RT) after breast-conserving surgery (BCS) on 3729 women: 10-year cumulative risks of any breast event, any
contralateral breast event and any regional or distant event.

NS = not statistically significant.
Vertical lines indicate 1 SE above or below the 5 and 10 year percentages.

Table 3. Total numbers of deaths and non-breast primary cancers reported during follow-up (including events reported after a breast
event)*

Years since randomization Allocated BCS + RT (n = 1878) Allocated BCS (n = 1851) Total (n = 3729)
All causes of death
0-4 48 45 93
5-9 63 65 128
>10 75 57 132
Total 186 167 353
Breast cancer death
0-4 14 16 30
5-9 21 17 38
>10 17 11 28
Total 52 44 96
Heart disease death
0-4 9 10 19
5-9 7 1 18
>10 10 8 18
Total 261 2971 55
All other known causes of death
0-4 18 17 35
5-9 30 32 62
>10 37 28 65
Total 85 77 162
Unknown cause of death
0-4 7 2 9
5-9 5 5 10
>10 1 10 21
Total 23 17 40
Non-breast primary cancers
0-4 11 10 21
5-9 10 13 23
>10 17 13 30
Total 38 36 74
Woman-years until death or end of
follow-up
0-4 8600 8520 17120
5-9 5634 5631 11265
>10 3329 3413 6742
Total 17563 17564 35127

BCS = breast-conserving surgery; RT = radiotherapy.

—+

Left-sided breast cancer, 8 BCS + RT vs 10 BCS; right-sided breast cancer 10 vs 6; unknown side 8 vs 13.
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Figure 12. Effect of radiotherapy (RT) after breast-conserving surgery (BCS) on 3729 women: 10-year cumulative risks of breast cancer mortality,
mortality without a breast event (ie, mortality from causes other than breast cancer in the period before a breast event), and any death. (Analysis

based on first events only.)
NS = not statistically significant.

Vertical lines indicate 1 SE above or below the 5 and 10 year percentages.
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