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Abstract

We studied the effect of postoperative radiotherapy (RT) after breast sector resection for ductal carcinoma in situ (DCIS).
The study protocol stipulated radical surgery but microscopically clear margins were not mandatory. We randomised 1 046
operated women to postoperative RT or control between 1987 and 1999. The primary endpoint was ipsilateral local
recurrence. Secondary endpoints were contralateral breast cancer, distant metastasis and death. After a median follow-up of
5.2 years (range 0.1-13.8) there were 44 recurrences in the RT group corresponding to a cumulative incidence of 0.07
(95% confidence interval (CI) 0.05—0.10). In the control group there were 117 recurrences giving a cumulative incidence of
0.22 (95% CI 0.18-0.26) giving an overall hazard ratio of 0.33 (95% CI 0.24—-0.47, p <0.0001). Twenty two percent of the
patients had microscopically unknown or involved margins. We found no evidence for different effects of RT on the relative
risk of invasive or in situ recurrence. Secondary endpoints did not differ. Women undergoing sector resection for DCIS
under conditions of population based screening mammography benefit from postoperative RT to the breast. Seven patients
needed RT-treatment to prevent one recurrence.

The National Board of Health and Welfare in 1999 the trial was closed after inclusion of 1067

Sweden issued recommendations for mammography women. We report the findings after a mean follow-
screening in early 1986. In Sweden the question was up of 5.4 years (median follow-up was 5.2 years).
raised whether postoperative radiotherapy (RT) after The primary endpoint was ipsilateral in situ or
breast conserving surgery for ductal carcinoma in invasive breast recurrence. Secondary endpoints
situ (DCIS) would have a clinically relevant effect in were ipsilateral regional recurrence, contralateral
a biological domain where the majority of lesions breast cancer, distant metastasis, death of all causes
would be mammographically detected and excised and death from breast cancer. The presentation

with the standardized sector resection [1] that had follows the CONSORT recommendations [2].

been the recommended surgical technique in Swe-

den since the 1980’s. Patients and methods
In 1987, the Swedish Breast Cancer Group

launched a randomised trial comparing postopera-

tive RT versus no such treatment in women who had To be eligible, women had to be operated with breast

undergone breast conserving surgery for DCIS. In conserving surgery for histologically proven DCIS
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occupying a quadrant or less of the breast. A
clinically negative examination of the axilla was
mandatory for inclusion. Patients who for reasons
of age, mental, social or medical status were ex-
pected not to cope with the interventions were not
eligible. Exclusion criteria were Paget’s disease of the
nipple, invasive carcinoma or intracystic carcinoma
in situ, ongoing pregnancy or a history of previous or
concurrent malignancy (except basal cell carcinoma
and treated carcinoma in situ of the uterine cervix).

Ethics

Ethical permission was granted for the study in all
Swedish health care regions. Full informed consent
was required.

Randomisation

Women were randomly assigned to RT or control.
Allocation to the different arms was given to the
treating physician via telephone from one of six
regional Oncologic Centres. The randomisation was
stratified for health care region and permutated in
blocks of four, a number unknown to the trialists.
Base-line data were reported by the treating physi-
cian.

Interventions

Patients underwent a sector resection [1] from
Scarpa’s fascia ventrally and dorsally including the
pectoral fascia encompassing the entire lesion and
macroscopic lateral and medial margins of at least
one centimetre were aimed for. Specimen x-ray was
compulsory. Histopathology was based on routine
reports. Microscopically radical removal of the lesion
was not required. The study protocol stated that
“due to the multicentric nature of DCIS “micro-
scopic radicality” cannot always be achieved”. Ra-
dical removal of DCIS was finally judged by the
operating surgeon based on operative findings,
specimen radiography and pathology reports. The
surgeon then opted for further surgery or study
inclusion. RT was given in the supine position. The
target volume was the remaining breast parenchyma
as defined by palpation, the position of the surgical
scars and available radiographs. The scars and the
part or the chest wall underlying the excised speci-
men were included in the target volume. No boost
radiation was given to the tumour bed. The speci-
fication of the absorbed dose was according to the
ICRU Report 50 [3]. The treatment could be given
either continuously or as a split course treatment.
The specification dose was 50 Gy given in 25
fractions over five weeks or 54 Gy given in two
series with a gap of two weeks. The dose in the
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specification point should be 15.5 according to the
CRU-formulation which should be used to correct
for departures of doses or overall time. Of the 485
patients who received RT, split course RT was given
in 35 (7%) and 61 patients (12.6%) were treated
using 2.4 Gy four times a week to 48 Gy (CRE
15.6). The remaining 389 patients were treated with
50 Gy given in 25 fractions over five weeks. A total of
33 patients, balanced between the groups (Table I),
received anti-estrogen therapy for two years.

Follow-up

Patients were initially followed by biannual clinical
examination and yearly mammography for five years
and thereafter by clinical examination and mammo-
graphy on a yearly basis. After closure of the study
(December 31, 1999), the last follow-up date was set
to July 31, 2001. All patients’ records were then

Table I. Patient characteristics by study arm.

RT* Control
(n=526) (n=520)
Screening detected tumor, 415 (78.9) 408 (78.5)
n (%)
Palpable tumor, n (%) 115 (21.9) 120 (23.1)
Mean size mm SDP 17.9 (13.3) 17.8 (13.4)
Pathology margins clear, 426 (81.0) 414 (79.6)
n (%)
Pathology margins unknown 48 (9.1) 46 (8.8)
or missing, n (%)
Pathology margins positive, 52 (9.9) 60 (11.5)
n (%)
Pathology margins given in 166 (31.6) 173 (33.3)

mm, n (%)

Specimen x-ray margins clear, 388 (73.8) 394 (75.8)
n (%)

Specimen x-ray margins 96 (18.3) 83 (16.0)
unknown or missing, n (%)

Specimen x-ray margins 28 (5.3) 25 (4.8)
positive, n (%)

Number of reexcisions, n (%) 36 (6.8) 46 (8.8)

Axillary dissection 89 (16.9) 88 (16.9)
performed, n (%)

Treatment outside protocol,n 19 (3.6) 14 (2.7)
(%)°

Mean follow-up time +SD 5.5 (2.7) 5.5 (2.7)

Median follow-up time (25th 5.1 (3.2, 7.5) 5.3 (3.4, 7.3)
Pctl, 75th Pctl)

Mean age +SD 56.2 (9.2) 56.7 (8.9)

Number of clinical 10.4 (6.1) 10.0 (5.5)
follow-ups (mean +SD)

Number of postoperative 5.0 (3.5) 5.3 (3.7)

mammographies (mean +
SD)

# Radiotherapy.

® Size determined mammographically. A microscopically deter-
mined size was available for 30% of the patients. For these
patients this measure was on average 4.1 mm smaller.

¢ Tamoxifen for 2 years.



538 S. O. Emdin et al.

scrutinized regarding mammography reports, opera-
tive findings, specimen x-rays and radiotherapy
reports, data on adjuvant treatments and original
pathology reports. The clinical database was locked
in March 2003 and the histopathological re-evalua-
tion was completed in October 2003.

Chinical events

All events in the ipsi- or contralateral breast or in the
ipsilateral axilla were based on clinical findings or
mammography and verified by histology and classi-
fied as either in situ or invasive carcinoma or both.
Distant metastases were diagnosed by scintigram,
radiographs or computed tomographic scans. When
findings with imaging techniques were doubtful
microscopic confirmation was performed if possible.
Lymph node metastases beyond the axilla were
mostly confirmed by fine-needle aspiration cytology.
Causes of death were extracted from the Swedish
Cause of Death Registry. Death from other causes
but with residual cancer was classified as cancer
deaths. Incidence and death from other malignancies
were not sought for and are hence not included in
the analysis.

Histopathology re-evaluation

To investigate the validity of the initial diagnosis 212
(20%) patients were selected by day of birth (sets of
six different days in each region) after study closure.
It was agreed that the definition of DCIS should
follow the Consensus Conference on the classifica-
tion of DCIS [4] and its nuclear grade and accord-
ingly DCIS grade I and II <2 mm were classified as
atypical ductal hyperplasia (ADH) [5,6]. From this
cohort random sample the histological slides were
retrieved.

Statistics

A number of 500 patients per study arm were
needed to detect an absolute difference of 10% in
local recurrence risk rate at five years at a 5%
significance level with a power of at least 90%, using
a log-rank test [7]. The primary endpoint of the
study was time to ipsilateral breast recurrence,
ignoring contralateral cancer and censoring for
distant recurrence and death. Secondary endpoints
were: 1) Time to contralateral cancer ignoring
ipsilateral breast recurrence and censoring for dis-
tant recurrence and death; 2) Disease-free survival,
i.e. time to the first of the events ipsilateral breast
recurrence, contralateral cancer, distant recurrence
or death; 3) Time to the first of the events distant
recurrence or breast cancer death ignoring ipsilateral
breast recurrence and contralateral cancer and

censoring for other deaths. Log-rank tests and Cox
regression analyses stratified for health care region
were used to compare event rates between the
treatment groups. Cumulative incidence curves [8]
were used to illustrate ipsilateral recurrences as first
events in the presence of other recurrences and death
and to determine the cumulative incidence of con-
tralateral cancer with distant recurrences and death
as competing events. We calculated the absolute
differences in cumulative incidence. Kaplan—Meier
curves were used to illustrate event-free survival. All
analyses were done according to intention-to-treat,
and all confidence intervals and significance tests
were two-sided.

Results
Parncipants

Between September 1987 and December 31, 1999,
1067 patients were randomised either to RT (n=
534) or control (n=533). Fifty-eight departments
enrolled from one to 70 patients into the study. In
the monitoring process 20 patients were excluded,
seven in the RT group and 13 in the control group.
Exclusions were done only when the information
available at the time of randomisation showed that
the protocol was violated (see Figure 1 for details).
Forty-two of the 527 allocated to RT did not receive
RT and five patients allocated to control received RT
for different reasons (Figure 1). No patient was lost
to follow-up and 1046 patients were analyzed.

Baseline characteristics

Baseline characteristics were well balanced between
the groups (Table I). Specimen x-ray was used
during 96.9% of the operations.

Histopathological re-evaluation

Slides from fourteen of the 212 cases (7%) could not
be found. The remaining 198 cases were evaluated
by three pathologists. In 62 cases there were
discrepancies concerning the diagnosis between the
pathologists but consensus was reached in all but
nine cases where the majority ruled. Of the 198
cases, 82% (163/198) were classified as DCIS. The
35 cases that were not DCIS were classified as
benign 6.6% (13/198), atypical ductal hyperplasia
(ADH) in 5% (10/198), invasive/microinvasive can-
cers in 4% (5+3/198), lobular carcinoma in situ in
0.5% (1/198) and in 1.5% (3/198) the material was
insufficient for a conclusive diagnosis. Margins could
not be re-assessed at the time of re-evaluation. The
number of patients in whom the margins were given
in the original pathology report is shown in Table I.
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Randomized
n=1067

Excluded
LCISonly n=2
Invasive cancer n =6

Excluded
Invasive cancer n=5 Randomized to
Randomized after I{ radiotherapy
study closure n =2 n=>534
Mastectomy n=1

i Patient had no cancer n=1
?g,?ﬂgf"zed to Randomized after
n =533 study closure n =2
Mastectomy n=1

Concurrent contralateral
cancer n=1

Allocated to radiotherapy n =526
Received radiotherapy n =485
Received no radiotherapy n =41

Reasons:

Unknown; n =10
Patient's desire; n = 25
Medical reasons; n =4
Logistic mistake; n=1
Car accident; n=1

Allocated to control n =520
Received control n =515
Received no allocated control n=5

Reasons:
Unknown; n=2
Patient’s desire; n=3

Lost to follow up or
discontinued
intervention

n=0

Lost to follow up or
discontinued
intervention

n=0

Analysed according
to intention to treat
n =526

Excluded
n=0

Analysed according
to intention to treat
n =520

Excluded
n=0

Figure 1. Patient flow according to CONSORT recommendations [2].

analyzed according to intention to treat.

Events

There were 161 ipsilateral recurrences, 44 in the RT
group and 117 in the control group (Table II). The
hazard ratio for ipsilateral recurrence for patients
given RT compared to the control group was 0.33
95% CI 0.24-0.47). When the ipsilateral recur-
rences were further analyzed (Table III) there were
92 recurrent DCIS, 23 in the RT-group and 69 in
the control group (Hazard ratio 0.31, 95% CI 0.20—
0.50). There were altogether 69 ipsilateral invasive
breast recurrences, 21 in the group treated with RT
and 48 in the control group and (Hazard ratio 0.41,

After exclusions for protocol violations randomised patients were

95% CI 0.24-0.69). The cumulative incidence of
ipsilateral breast recurrences is shown in Figure 2.
The five year cumulative incidence of local recur-
rence was 7% (95% CI 5%—-10%) in the RT group
and 22% (95% CI 18%—-26%) in the control group
and the overall hazard ratio was 0.33 (95% CI 0.24—
0.47) (Figure 2). Similarly the hazard ratio for
patients with clear specimen pathology margins was
0.35 (95% CI 0.23-0.52) and the combined hazard
ratio for women with either specimen pathology
margins unknown or positive was 0.31 (95% CI
0.16-0.60). However, in the subgroup with unclear

Table II. Number of events according to study definitions of endpoints, cumulative incidence, difference in cumulative incidences and

hazard ratios with their respective 95% confidence intervals.

Number of Cumulative incidence 5 years  Difference in cumulative incidence 5 years  Hazard ratio
events (95% CI°) (95% CI) (95% CI) p°
All ipsilateral recurrence
RT? 44 0.07 (0.05-0.10) —0.15 0.33 <0.0001
Control 117 0.22 (0.18-0.26) (—0.19- —0.10) (0.24-0.47)
All contralateral cancer
RT 26 0.033 (0.020-0.056) —0.001 1.16 0.64
Control 22 0.032 (0.019-0.055) (—0.026-0.024) (0.62-2.14)
Distant metastasis or breast cancer deaths
RT 9 0.013 (0.005-0.032) 0.008 1.02 0.97
Control 9 0.005 (0.001-0.021) (—0.006-0.021) (0.40-2.56)

# Radiotherapy.
® Log-rank test stratified for health care region.
¢ Confidence interval.
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Table III. Distribution within each study endpoint of events by
type (in situ or invasive events, occurrences of distant metastases
and breast cancer deaths).

Ipsilateral recurrence RT? control

DCIS 23 69

Invasive 21 48

Sum 44 117

Contralateral cancer

DCIS 3 7

Invasive 23 15

Sum 26 22

Distant metastasis or breast 9 9
cancer deaths

Distant metastasis 9

Breast cancer deaths without known 0 1
distant metastasis

Total breast cancer deaths 7 6

# Radiotherapy.

margins the baseline risk was high for those not
irradiated and thus the absolute risk reduction
following RT substantial —37% at eight years.

The Hazard ratio for allocation to RT versus
control was 0.40 (95% CI 0.16-0.99, p =0.049)
when the analysis was restricted to those 163 women
who had a verified DCIS in the 20% sample for
histopathological re-evaluation.

Population-based mammography screening was
implemented stepwise in Sweden. We therefore
analyzed the data regarding all endpoints during
three different time periods; one period where
prevalent screening prevailed, one period when
screening was a mixture of prevalent and incidence
screening and finally a period consisting of incidence
screening. No difference in relative effect of RT was
found between the three time periods (data not
shown).

Ipsilateral regional recurrences in the axilla were
scarce and only one recurrence in the control group
appeared as a first event (patient included in the
invasive recurrence group, lable III). There were
altogether 48 contralateral events (Tables II and III),
26 in the RT group and 22 in the control group.
Contralateral DCIS amounted to ten events, three in
the RT group and seven in the control group (Table
III) and invasive contralateral breast cancers
amounted to 38, 23 in the RT group and 15 in the
control group.

Eighteen women developed distant metastasis or
died from breast cancer, and the events were almost
equally distributed between the groups (Tables II
and III). Sixteen of the 18 patients had an invasive
recurrence diagnosed preceding distant metastases.
In the overall analysis of event-free survival (Figure
3) there was a statistically significant difference
between the study groups with far less events in the
RT group (p <0.001 log-rank test).

Discussion

RT gave a substantial reduction of the risk of
ipsilateral recurrence during a five year follow-up.
This reduction was seen in a clinical domain where
most women were recruited from a population
exposed to service screening mammography and
who all had undergone a standardized sector resec-
tion. We found no evidence for different effects of
RT on the risk of invasive or in situ recurrence.
There was neither an effect of RT on the incidence of
contralateral breast events nor was there a discern-
ible effect of RT on distant metastases or overall
survival, the follow-up time, however, is too short to
expect any differences on the latter matters.

0.4 —
— RT
8 0.3
S Control
i)
Q
£
< 0.2
=
]
g
S 0.1
(@]
0 | | |
0 1 2 3
No. At Risk
RT 526 514 466 399

Control 520 490 425 360

I I I I
4 5 6 7 8 9

Time (years)

333 251 176 135 92 57
291 213 147 104 68 44

Figure 2. Cumulative incidence of all ipsilateral recurrences. The number of patients at risk is listed at the bottom of the figure. p <0.0001,

log-rank test.
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1 —_
0.8 —
2
T‘Eé
8 0.6
o
o
<
; 0.4 —
= — RT
n
Control
0.2 —
0 T T T
0 1 2 3
No. At Risk
RT 526 513 463 391
Control 520 490 423 355

I I I I I |
4 5 6 7 8 9

Time (years)

321 242 168 126 85 52
282 204 138 99 63 41

Figure 3. Disease-free survival (DFS) as defined in endpoints on page 6. The number of patients is listed at the bottom of the figure. p <

0.001, log-rank test.

The randomisation resulted in balanced groups.
We achieved a complete follow-up and the study was
completely monitored via original patient records.
Follow-up both in terms of clinical visits and
mammography was similar in both groups. There
was a high statistical power in relation to the primary
endpoints of the study. Re-evaluation of histopatho-
logical slides of a random sample of 20% of the
whole study group showed that 12% of the patients
had benign lesions or atypical ductal hyperplasia and
another 4% had invasive/microinvasive cancer. This
is to be expected as the study used routine histo-
pathology for inclusion. The NSABP-B17 histo-
pathology report [9] showed that 73% were DCIS,
7% were benign lesions, 2% were invasive cancers
and 21% the material was judged inadequate for
analysis. The EORTC 10853 study retrieved 85% of
their slides for review and 90% of the retrieved
patients were reported as having DCIS [10].

It is hard to make predictions how our misclassi-
fication, which was both at the benign and the
invasive ends of the DCIS-spectrum, may have
affected our estimates of the absolute risk levels
and the misclassifications should not bias the com-
parison between the arms. The other three published
randomised studies on DCIS +RT [11-13] have all
used routine pathology as a basis for their original
reports. Two of the three studies have in subsequent
reports re-evaluated the histopathology [9,10] and
both stated that the number of recurrences per
treatment arm was similar for reviewed and non-
reviewed cases. A separate analysis of our re-eval-
uated 163 DCIS cases yielded similar results as
compared to our overall estimates.

From detailed studies in one of our regions [14]
we infer that around half of the eligible patients were
entered into the trial, which is a high proportion of
included patients. We judge that the overall mam-
mography quality was high since several centres in
Sweden had participated in randomized mammo-
graphy trials and Swedish mammograhers thus had
good access to experienced training centres. In 1986
the National Board of Health and Welfare issued
guidelines for mammography screening, including
demands on quality control both in terms of inter-
pretation of films and technical quality.

The study protocol demanded macroscopically
free surgical margins in relation to any clinically or
mammographically detectable lesion, but histo-
pathologically clear margins were not a prerequisite.
In our monitoring process we found that the
documentation of margins either by histology or
specimen x-ray was insufficient in 17-21% of the
medical records. However, this does not mean that
margins were close or involved in a similar propor-
tion. Specimen radiography was done in 97% in the
operations with intraoperative answers to the sur-
geon. Since clear microscopic margins has been
demanded for breast conserving surgery for invasive
cancers throughout the period and since involved
margins has been discussed as a risk factor during
the course of the study, most surgeons probably
opted for histopathologically clear margins as in-
dicated by re-excisions in 8% of the patients — a
figure similar to that of the proportion of patients
with documented involved margins. If insufficient
documentation of margins still often indicate in-
volved margins and would be a strong determinant
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of risk of local failure our results may show higher
absolute risks than if histopathologically totally free
margins had been required. It is not clear however,
how the proportion of patients with unclear margins
would influence the relative effects of RT. Our
analysis of the subgroups with histopathologically
radically removed lesions and lesions with unknown
showed similar relative effect of RT. Patients with
involved margins generally have a higher relapse risk
and there is no evidence that this can be compen-
sated for by RT. Hence we think that a complete
surgical removal, with a safety margin, of all ducts
involved with carcinoma in situ is an important part
of handling DCIS.

However, Bijker et al. have reviewed the results of
the EORTC 10853 study concerning local recur-
rence and found when comparing specimens that
reported microscopically free margins and speci-
mens with close/involved margins and margins not
reported a hazard ratio of 2.07 (95% CI 1.35-3.16)
for recurrence [10]. Studies in invasive cancer
indicate that the relative effects of RT are similar in
trials with quite different types of surgery performed,
but the radicality of the surgery may influence the
absolute risk levels [15].

The inclusion period for the study was long. It is
possible that length bias sampling might have been
more pronounced in the beginning of the study
period when prevalence screening dominated and
that mammography quality changed with increased
experience and technical development. The lack of
any time trends in our study indicates that the results
probably can be generalized to patients diagnosed
today.

Our study results concerning the relative effects of
RT on all ipsilateral events are similar to those
previously reported [11-13,16]. Looking specifically
at the effects on in situ versus invasive recurrences,
our study coincides with the UK/ANZ and the
EORTC 10853 study that showed that RT is equally
protective for both events. The NSABP B-17 re-
peatedly showed a somewhat different protective
effect of RT inasmuch as DCIS-recurrences were
twice as many as invasive recurrences [11,16]. We
have no obvious explanation for this difference.

Direct comparisons of the incidence of ipsilateral
recurrences between the above mentioned published
randomised studies are difficult to make since the
definition of DCIS including inclusion of patients
with “microinvasive DCIS”, the definition of radical
removal and statistical methods differs between the
randomized studies. Moreover the follow-up times
differ and the populations studied in the different
studies and accrual rates in relation to the total
number of eligible patients are far from uniform
between studies.

When analysing time to the primary endpoint,
ipsilateral recurrence, we ignored contralateral
breast cancers but censored follow-up if the women
got metastases. The reason for this choice is that
contralateral breast cancers most often are new
primaries with a natural history independent of the
first primary and that search for ipsilateral recur-
rences also would continue after a contralateral
cancer. Metastases on other hand, are events along
the same course of natural history as the primary
tumour and ipsilateral recurrences, and thus not
independent of these. Furthermore, search for
ipsilateral recurrences is not prioritized after diag-
nosis of distant metastasis and the risk of local
recurrence may also be modified of treatments for
advanced disease. The cumulative incidence func-
tion of ipsilateral recurrences considers the compet-
ing events distant metastases and death correctly [8].

Postoperative RT gives a substantial relative re-
duction and a clinically meaningful absolute risk
reduction of local recurrence at a similar level also in
a clinical domain with women mainly recruited from
a population offered mammography screening. Our
results show a number of seven patients needed to
treat to prevent one local recurrence after five years
of follow-up.
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