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BACKGROUND. Between 1979 –1987, the National Cancer Institute conducted a

randomized, prospective study of mastectomy (MT) versus breast conservation

therapy (BCT) in the treatment of patients with early-stage breast carcinoma. After

a median potential follow-up of 18.4 years, the authors present the updated results.

METHODS. After informed consent was obtained from each patient, 237 evaluable

women with clinical AJCC Stage I and Stage II breast carcinoma were enrolled on

an institutionally reviewed protocol and randomly assigned to undergo modified

radical MT (116 patients) or BCT (121 patients), which was comprised of lumpec-

tomy, axillary lymph node dissection, and radiation therapy. Negative surgical

margins in the lumpectomy arm were not required. The 237 randomized patients

were followed for a median potential follow-up of 18.4 years. The primary end-

points were overall survival and disease-free survival.

RESULTS. At a median follow-up of 18.4 years, there was no detectable difference

with regard to overall survival between patients treated with MT and those treated

with BCT (58% vs. 54%; P � 0.67 overall). Twenty-seven women in the BCT arm

(22%) experienced an in-breast event. After censoring in-breast events in the BCT

arm that were salvaged successfully by MT, disease-free survival also was found to

be statistically similar (67% in the MT arm vs. 63% in the BCT arm; P � 0.64

overall). There was no statistically significant difference with regard to contralat-

eral breast carcinoma between the two treatment arms (P � 0.70).

CONCLUSIONS. After nearly 20 years of follow-up, there was no detectable differ-

ence in overall survival or disease-free survival in patients with early-stage breast

carcinoma who were treated with MT compared with those treated with BCT. For

BCT patients, long-term in-breast failures continued to occur throughout the

duration of follow-up. There was no statistically significant difference in the

incidence of contralateral breast carcinoma between the two treatment groups.
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Breast conservation therapy (BCT) (comprised of lumpectomy, ax-
illary lymph node evaluation, and adjuvant radiation therapy) is a

well defined alternative to mastectomy (MT) for appropriate candi-
dates with early-stage breast carcinoma. Several randomized studies
worldwide have demonstrated that BCT and MT offer comparable
survival.1– 4 Recently, 2 groups published their 20-year results, which
support this assertion.5,6 In general, the goals of BCT are twofold: 1) to
reduce the risk of cancer recurrence in a reasonable manner and,
ultimately, cancer or treatment-related death, and 2) to preserve the
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breast anatomy as best as possible. Although there still
are regional and age-related biases,7,8 BCT is increas-
ingly gaining acceptance in the medical and lay pop-
ulation. Nevertheless, long-term randomized data re-
main relatively scarce.

In 1979, the National Cancer Institute (NCI)
opened a randomized, prospective study comparing
MT with BCT in the treatment of patients with clinical
AJCC Stage I and Stage II breast carcinoma. The cur-
rent study updates previous reports with a median
potential follow-up of 18.4 years.9,10 With long-term
patient follow-up, which in individual cases has ex-
ceeded 22.7 years, the updated results of our single-
institution randomized trial continue to demonstrate
no detectable difference between MT and BCT with
regard to overall and disease-free survival. Subsequent
contralateral, ipsilateral, or other secondary cancer
events also are reported in this update.

MATERIALS AND METHODS
Patients
A detailed description of the study design, eligibility
requirements, radiation and surgical techniques, and
statistical methods, as well as a comparison of patient
characteristics in each group, have been published in
previous reports of this study.9,10 Two hundred forty-
seven patients with clinically diagnosed Stage I or
Stage II (T1 or T2; N0 or N1; M0) invasive carcinoma of
the breast were enrolled between July 1979 and De-
cember 1987. Patients had a single invasive unilateral
breast lesion without any other palpable or mammo-
graphically suspicious areas, no history of prior cancer
or Paget disease, and no evidence of metastatic dis-
ease and were not pregnant or breastfeeding. Patients
with in situ lesions were not eligible. Patients were
stratified by age (age � 50 years vs. age � 50 years) and
clinical lymph node status (positive vs. negative). After
fully informed consent was obtained, patients were
assigned randomly to undergo MT and axillary lymph
node dissection or BCT including excisional biopsy,
axillary lymph node dissection, and adjuvant radiation
therapy. Negative surgical margins on pathologic ex-
amination were not required. Six patients assigned to
undergo MT and four patients assigned to the BCT
treatment arm declined to receive their randomized
treatment assignment and were treated elsewhere and
never followed, and therefore were omitted from the
current study. Thus, 237 evaluable patients were
treated in the study with 116 patients assigned to the
MT group and 121 assigned to the BCT group. The
data from these patients previously were analyzed in
June 1989 after a median follow-up of 5.6 years and
again in November 1993 after a median follow-up of
10.1 years. With data available through March 2002,

the median follow-up for the current study was 18.4
years at the time of last follow-up (with a range of
14.3–22.7 years). Only two women, both from the BCT
arm, were lost to follow-up (one in 1993 and the other
in 1996). The data concerning these 2 patients were
censored after 4.8 years and 13.3 years, respectively.
They were both disease free at the time of last follow-
up.

Techniques
The MT group underwent a Patey modified mastec-
tomy with a complete (Level I –III) axillary lymph node
dissection on campus at the NCI.11 No postmastec-
tomy chest wall or lymph node irradiation was per-
formed. The BCT group underwent excisional biopsy
(at the NCI or elsewhere after an NCI review of pa-
thology) with the removal of all macroscopic tumor
but these patients were not required to have micro-
scopically negative surgical margins. In the case of an
incomplete excision, a second excision was permitted.
One patient underwent a second excision but was
believed to have macroscopic tumor remaining and
underwent a mastectomy. Based on intention to treat,
she was analyzed in the BCT group. A complete (Level
I–III) axillary lymph node excision was performed
through a separate incision.

All adjuvant radiation was performed at the NCI
and was comprised of 4500 –5040 centigrays (cGy) of
radiation delivered via 4 megavoltage photons in non-
coplanar tangent fields to the whole breast in 180-cGy
fractions 5 days per week over a period of 5–5.5 weeks.
Patients with pathologically positive lymph nodes also
received 4500 –5040 cGy to an anterior supraclavicular
field prescribed to a depth of 3 cm. In patients with
either a positive axilla or a medially located primary
lesion, the internal mammary lymph nodes were in-
cluded in the treatment by extending the tangent
fields across midline. The internal mammary lymph
nodes were assumed to be included when the pleuro-
sternal junction (located by either ultrasound or com-
puted tomography during treatment planning) was
covered by the radiation portal.12 Lung inhomogeneity
correction factors were applied to dose calculations
after 1981.13 The axilla was not specifically treated
unless there was extracapsular lymph node extension.
A radiation boost of 1500 –2000 cGy to the tumor bed
was delivered to all patients with either iridium-192
temporary implants (81%) or en face electron beam
irradiation (19%).

Patients with positive axillary lymph nodes re-
ceived adjuvant chemotherapy comprised of cyclo-
phosphamide (Cytoxan�;Bristol-Myers Squibb Oncol-
ogy, Princeton, NJ) and doxorubicin (Adriamycin�;
Pharmacia, Kalamazoo, MI). At the initiation of the
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study, chemotherapy was administered for 1 year in
28-day cycles of doxorubicin intravenously at a dose of
30 mg/m2 on Day 1 and cyclophosphamide orally at a
dose of 150 mg/m2 on Days 3– 6.14 In 1983, the dose of
cyclophosphamide was increased to 200 mg/m2. In
1985, the dose of doxorubicin was increased to 40
mg/m2; the cycle length decreased to 21 days and the
total duration of chemotherapy was decreased to 6
months (9 cycles). After 1985, lymph node-positive,
postmenopausal patients were given tamoxifen (Nol-
vadex�; Novartis Pharmaceuticals, East Hanover, NJ)
at a dose of 20 mg orally twice per day for 5 years.
Tamoxifen also was prescribed frequently after 1985 to
women with ipsilateral tumor recurrences or new con-
tralateral breast tumors.

Statistical Analysis
Using the Kaplan–Meier method, the probabilities of
overall survival and disease-free survival were calcu-
lated.15 Overall survival was determined from the date
of randomization until death or last follow-up contact.
Disease-free survival, which included local, regional,
and distant failure or any combination thereof, was
measured from the date of randomization until doc-
umented failure or last follow-up contact. The study
was designed to have 80% power to detect a 15%
difference in disease-free survival at 5 years using a
2-sided significance level of 0.05. Patients in the BCT
group with an isolated, ipsilateral in-breast event oc-
curring at any time who were salvaged successfully by
MT were not considered failures. Unless they subse-
quently developed a disease recurrence at another
site, these salvaged patients were counted as free of
disease as of the date of last follow-up contact. The
differences between pairs of actuarial curves were an-
alyzed using the Mantel–Haenszel test, with two-tailed
P values reported.16 Estimates reported at 5-year in-
tervals up to 20 years were calculated using the
Kaplan–Meier method.

All second cancer events were recorded. A second
cancer event was defined as: 1) any recurrence of the
index breast carcinoma or 2) a second primary tumor.
Because of the long duration of follow-up, the defini-
tion of a second primary tumor was limited to include
either an isolated, contralateral breast carcinoma,
without evidence of regional or distant disease, or the
development of a nonbreast cancer. Recurrences of
the index breast tumor were characterized further as
local, regional, or distant. A local event had to be
confined to the chest wall or ipsilateral breast. A re-
gional event could include the ipsilateral supraclavic-
ular, infraclavicular, or axillary lymph node regions or
the ipsilateral internal mammary lymph nodes. A dis-
tant event included all other sites. A locoregional or

distant event after the treatment of any isolated con-
tralateral breast carcinoma was assigned to the initial
breast tumor. Data regarding two patients were ex-
cluded from analyses involving the development of
second primary tumors because the dates of these
new tumors were not able to be determined.

RESULTS
Primary Endpoints
There were no apparent significant differences in pa-
tient characteristics between the two groups (Table
1).10 After a median follow-up of 18.4 years, there was
no statistically detectable difference in overall survival
or disease-free survival between the MT and BCT arms
of the trial (Figs. 1,2). and The estimated overall sur-
vival at 20 years was 58% for the MT group and 54% for
the BCT group (P � 0.67 overall). With respect to
disease-free survival, the estimated 20-year disease-
free survival was 67% for the MT group and 63% for
BCT group (P � 0.64 overall). Both the overall survival
and disease-free survival demonstrated similar prob-
abilities over time (Table 2).

Second Events
Table 3 outlines the second cancer event profile at a
median of 18.4 years of follow-up. Patients in the MT
arm experienced 55 second cancer events and patients

TABLE 1
Patient Characteristics

Characteristics
Mastectomy
(n � 116)

BCT
(n � 121)

Age, (median yrs) 50 50
� 40 19% 23%
40–59 56% 51%
� 60 25% 26%

Histology
Infiltrating ductal 95% 93%
Infiltrating lobular 3% 2%
Other 2% 5%

Positive LNs
0 58% 61%
1–3 28% 28%
4–9 8% 4%
� 10 6% 7%

Tumor size (cm)
0–2 48% 43%
2.1–4 43% 50%
4.1–5 9% 7%

Estrogen receptor
Negative 11% 15%
Positive 46% 43%
Unknown 43 42%

BCT: breast conservation therapy; LNs: lymph nodes.
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in the BCT arm experienced 49 second cancer events
after isolated, ipsilateral in-breast tumors were re-
moved, with a total of 4 patients experiencing � 1
second tumor. In the MT group, there were no isolated
chest wall events, 3 regional events, 27 distant events,
and 8 local and regional and/or distant events. In the
BCT group, there were the 27 isolated, ipsilateral in-
breast events; no regional-only events; 30 distant
events; and 4 local and regional and/or distant events.
There were seven contralateral breast carcinomas in
the MT group and five in the BCT group. Patients in
the MT arm had 10 nonbreast cancer events, which
included 2 sarcoma cases; 2 ovarian carcinoma cases;
2 lung carcinoma cases; 1 case each of melanoma,
renal cell carcinoma, and colon carcinoma; and 1 un-
known, second nonbreast cancer. Patients in the BCT
arm also had 10 nonbreast cancer events, which in-
cluded 3 lung carcinoma cases and 1 case each of
non-Hodgkin lymphoma, sarcoma (of the ipsilateral

breast that was successfully treated with mastectomy),
colon carcinoma, melanoma, ovarian carcinoma, cer-
vical carcinoma, and endometrial carcinoma.

Of the 121 patients in the BCT arm, 27 (22%)
experienced isolated, ipsilateral in-breast events after
their primary BCT at a median of 18.4 years of follow-
up. Sixteen of these events were salvaged successfully
(59%), rendering the patients free of disease. However,
11 patients ultimately failed regionally or distantly and
were not rendered free of disease (41%). Isolated, ip-
silateral in-breast events continued to occur through-
out the entire duration of follow-up. However, infor-
mation regarding the location of these in-breast
events was inconsistent and unavailable for meaning-
ful analysis.

The development of distant disease as all or part
of a second event was observed in nearly equal num-
bers between the two arms. The MT group experi-
enced 8 local and regional and/or distant events and
27 purely distant events. The BCT group had 4 local
and regional and/or distant events and 30 purely dis-
tant events. There was no statistically significant dif-
ference in distant disease-free survival between the
two groups (P � 0.82).

There was no apparent statistically significant dif-
ference in isolated, contralateral breast carcinomas
between the two arms. After a median follow-up of
18.4 years, the MT group had 7 contralateral breast
carcinoma cases whereas the BCT group had 5 cases
of contralateral breast carcinoma (P � 0.70 for the
overall difference in probability of isolated contralat-
eral breast carcinoma).

There also was no apparent difference in the oc-
currence of nonbreast cancers between the MT and
BCT groups. The MT group had 10 such cancers, in-
cluding 2 sarcoma cases; 2 ovarian carcinoma cases; 2
lung carcinoma cases; and 1 case each of melanoma,
renal cell carcinoma, and colon carcinoma. There
were 10 nonbreast cancers in the BCT group: 3 lung
carcinoma; 1 case each of non-Hodgkin lymphoma,
sarcoma, colon carcinoma, ovarian carcinoma, cervi-
cal carcinoma, and endometrial carcinoma; and 1 un-
known nonbreast cancer event. In a manner similar to
the incidence of in-breast events, nonbreast cancers
continued to be observed throughout the entire dura-
tion of follow-up, nearly equally between the MT and
BCT arms.

DISCUSSION
After a median potential follow-up of 18.4 years, the
updated results of this trial continue to demonstrate
no statistically significant difference in overall survival
or disease-free survival in patients with early breast
carcinoma who are treated with MT or BCT. These

FIGURE 1. Comparison of overall survival between the mastectomy (MT) and

breast conservation therapy (BCT) treatment arms in patients with early-stage

breast carcinoma after a median follow-up of 18.4 years. No statistically

significant difference was reported (P � 0.67).

FIGURE 2. Comparison of disease-free survival between the mastectomy

(MT) and breast conservation therapy (BCT) treatment arms in patients with

early-stage breast carcinoma after a median follow-up of 18.4 years. No

statistically significant difference was reported (P � 0.64).
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results support the findings of two recently published
randomized trials, which arrived at similar conclu-
sions.5,6 In those studies, there was no statistically
significant difference in overall survival, disease-free
survival, or distant disease-free survival. In addition,
three previously published randomized trials found no
difference in long-term outcome between MT and
BCT, which included radiation therapy.1,2,4 Further-
more, two meta-analyses, published in 1995 and in
2000 by the Early Breast Cancer Trialists’ Collaborative
Group, failed to find any difference in survival be-
tween patients undergoing MT and those receiving
BCT with radiation therapy17 and, in fact, revealed a
cause-specific advantage in patients who received ra-
diation therapy,18 although this advantage has been
called into question by a reported increase in non-
breast cancer deaths.

A major difference between the NCI study and the
other randomized trials is the rate of ipsilateral in-
breast failure reported in the BCT group. Patients
treated with lumpectomy and radiation therapy were
found to have a cumulative 22% in-breast event prob-
ability after a median follow-up of 18.4 years. In the
National Surgical Adjuvant Breast and Bowel Project

(NSABP) trial, the overall rate of ipsilateral failure with
tumor-free margins was 14.3%, and that in the Milan
trial was only 8.8%. However, the inclusion criteria
and the methods used between trials differed and may
explain the higher rate of local failure in the NCI trial.
The NCI trial allowed for all cT1 and T2 tumors (ac-
cording to the 1988 American Joint Committee on
Cancer [AJCC] staging manual), which included those
measuring up to 5 cm in size, whereas the NSABP
excluded tumors measuring � 4 cm and the Milan trial
excluded those tumors measuring � 2 cm. Nearly 10%
of the tumors treated in the NCI study were � 4 cm in
greatest dimension. Although the NCI trial required
macroscopic removal of tumor and even permitted a
second excision to meet this goal, negative surgical
margins on pathologic examination were not required
and frequently were not obtained. Unfortunately, it
was not possible to ascertain accurate margin status
on the 121 evaluable patients because of referring
patterns and inaccessibility to complete pathology
specimens. Because positive, or even close, margin
status generally is agreed to be one of the more sig-
nificant predictors of local failure after breast-con-
serving surgery and radiation therapy,19,20 with un-
known or possibly positive surgical margins it would
be reasonable to expect a higher in-breast event rate
in the BCT arm of the NCI trial than in other trials in
which surgical margin status was reported to be neg-
ative. Indeed, long-term surveillance performed by the
NCI demonstrated that in-breast events occurred
throughout the entire duration of follow-up, even as
late as 20 years after the initial BCT. The NSABP, which
to our knowledge is the only other group conducting a
randomized trial from North America, also observed
late-occurring events and advocated the need for
long-term follow-up in clinical trials.5

With a longer follow-up, the theoretical possibility
of radiation-induced carcinogenesis becomes more
probable. In the NCI study, there was no apparent
statistically significant difference in the probability of
the development of an isolated contralateral breast
carcinoma between the two treatment arms. In fact,
nominally there were two fewer contralateral breast
tumors reported in the BCT arm compared with the
MT arm. The NSABP and Milan study updates also did
not appear to detect any increase in the incidence of
contralateral breast tumors.

Because scatter radiation to the contralateral
breast may not represent the only source of radiation-
induced malignancy, all second nonbreast cancer
cases in the NCI study, both inside and outside the
radiation fields, were recorded. The survival curves for
second nonbreast tumors in the two treatment arms
were found to overlap (data not shown). Although

TABLE 2
Overall and Disease-Free Survival Probabilities over 20 Years

Endpoint 5 yearsa 10 yearsa 15 years 20 yearsb

Overall survival
Mastectomy 86% 75% 65% 58%
BCT 87% 76% 64% 53%

Disease-free survival
Mastectomy 81% 70% 68% 67%
BCT 78% 73% 66% 60%

BCT: breast conservation therapy.
a Denotes follow-up period with published results.
b Denotes estimated rate using the Kaplan–Meier method.

TABLE 3
Incidence of Cancer Events in the Two Treatment Arms

Mastectomy
(n � 116)

BCT
(n � 121)

Site
Local (isolated chest wall or in-breast) 0 27
Regional only 3 0
Local and regional/distant 8 4
Distant only 27 30

Contralateral breast tumors 7 5
Nonbreast histology tumors 10 10

BCT: breast conservation therapy.
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other data, which may have implicated postoperative
radiation exposure in nonbreast cancer mortality
(such as severe cardiac or pulmonary toxicity) could
not be analyzed meaningfully, the current study data
regarding contralateral breast carcinoma and non-
breast cancer events are useful. In this context, the
inclusion of radiation therapy as part of BCT did not
incur any increased risk to this group compared with
the MT group. However, the current study was not
intended to answer questions regarding radiation-in-
duced malignancy. It was not powered as such and
inherent patient factors such as BRCA1 and BRACA 2
are unknown. Lastly, 20 years of follow-up may not be
sufficient to account for the entire latency period of
radiation-induced carcinogenesis.

The findings of the current NCI trial of MT versus
BCT in the treatment of patients with early-stage
breast carcinoma are consistent with those of other
published, long-term randomized trials comparing
these two treatment modalities. With nearly 20 years
of follow-up, there was no detectable difference with
regard to overall survival or disease-free survival be-
tween the MT and BCT arms. Perhaps because of
differing inclusion criteria and methods, most notably
surgical margin status, the NCI in-breast event rate
was found to be higher than that reported in the two
other trials with comparable follow-up. In-breast
events were observed throughout the entire period of
follow-up. Finally, in the BCT arm in the current study,
similar to the BCT arms of the other randomized trials,
long-term, inbreast events continued to be observed
throughout the entire follow-up period. Therefore, we
believe that diligent surveillance is warranted.
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