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Abstract

 

Background.

 

Previous findings from a clinical
trial (Protocol B-06) conducted by the National Surgical
Adjuvant Breast and Bowel Project (NSABP) indicated the
worth of lumpectomy and breast irradiation for treating
breast cancer. After the discovery by NSABP staff mem-
bers of falsified information on patients enrolled in the
study by St. Luc Hospital in Montreal, separate audits were
conducted at St. Luc Hospital and other participating insti-
tutions. We report the results of both audits and update the
study findings through an average of 12 years of follow-up.

 

Methods.

 

Patients with either negative or positive axil-
lary nodes and tumors 4 cm or less in diameter were
randomly assigned to one of three treatments: total mas-
tectomy, lumpectomy followed by breast irradiation, or
lumpectomy without irradiation. Three cohorts of patients
were analyzed. The first cohort included all 2105 random-
ized patients, who were analyzed according to the inten-
tion-to-treat principle. The second cohort consisted of
1851 eligible patients in the first cohort with known nodal
status who agreed to be followed and who accepted their

assigned therapy (among those excluded were 6 patients
from St. Luc Hospital who were declared ineligible be-
cause of falsified biopsy dates). The third cohort consisted
of the patients in the second cohort minus the 322 eligible
patients from St. Luc Hospital (total, 1529 patients).

 

Results.

 

Regardless of the cohort, no significant dif-
ferences were found in overall survival, disease-free sur-
vival, or survival free of disease at distant sites between
the patients who underwent total mastectomy and those
treated by lumpectomy alone or by lumpectomy plus
breast irradiation. After 12 years of follow-up, the cumu-
lative incidence of a recurrence of tumor in the ipsilateral
breast was 35 percent in the group treated with lumpec-
tomy alone and 10 percent in the group treated with lum-
pectomy and breast irradiation (P

 

�

 

0.001).

 

Conclusions.

 

Our findings continue to indicate that
lumpectomy followed by breast irradiation is appropriate
therapy for women with either negative or positive axil-
lary nodes and breast tumors 4 cm or less in diameter.
(N Engl J Med 1995;333:1456-61.)
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F

 

INDINGS from a clinical trial (Protocol B-06) con-
ducted by the National Surgical Adjuvant Breast

and Bowel Project (NSABP) to evaluate lumpectomy in
the treatment of breast cancer have been reported pre-
viously in the 

 

Journal.

 

1,2

 

 Life-table estimates five and
eight years after surgery indicated that 90 percent of
women who underwent lumpectomy followed by breast
irradiation remained free of cancer in the ipsilateral
breast. The rates of disease-free survival, survival free of
disease at distant sites, and overall survival were not sig-
nificantly different from those among patients who un-
derwent either total mastectomy or lumpectomy alone.
As a consequence of these and other findings, lumpecto-
my and breast irradiation have become accepted in the
surgical approach to the treatment of breast cancer.

 

3

 

 
In February 1991, staff members at the NSABP head-

quarters verified that St. Luc Hospital in Montreal, one
of the centers participating in the study, had submitted
falsified information on patients. These findings were
immediately reported to the appropriate governmental
agencies. The Office of Research Integrity supervised
personnel from the NSABP and the National Cancer
Institute (NCI) in an audit of St. Luc’s records.

 

4,5

 

 In
March 1994, the NCI began a special audit of 37 of the
89 institutions participating in Protocol B-06 to assess
the quality of data submitted. The results of this audit
are reported elsewhere in this issue of the 

 

Journal.

 

6

 

 

In the current report, we present information from
both audits and update the Protocol B-06 findings
through an average of 12 years of postrandomization
follow-up. We have also analyzed the data after exclud-
ing all St. Luc patients with falsified data and all St. Luc
patients. 

 

M

 

ETHODS

 

Study Design and Eligibility of Patients

 

Eligibility requirements, the design of the study, surgical and radi-
ation techniques used, characteristics of the patients and tumors, and
the distribution of patients among treatment groups have been de-
scribed previously.

 

1,2,5

 

 Patients with either negative or positive axil-
lary nodes and tumors 4 cm or less in diameter (stage I and II breast
cancer) were randomly assigned to one of three treatments: total
mastectomy, lumpectomy followed by breast irradiation, or lumpec-
tomy without irradiation. The protocol specified that the lower two
levels of axillary nodes be removed regardless of the treatment as-
signment.

Patients were enrolled between April 8, 1976, and January 27, 1984.
A prerandomization procedure was implemented in January 1978; ac-
cording to this procedure, patients were randomly assigned to treat-
ment before consent was obtained. After the treatment assignment
had been made by the NSABP Biostatistical Center, the protocol was
discussed with the patient, who gave written consent if she accepted
the assigned treatment or agreed to be followed. Of the 2163 patients
who entered the study, 1573 (73 percent) were assigned to treatment
through the prerandomization procedure.

Patients who had undergone a lumpectomy and in whom the mar-
gins of the resected specimen were not tumor-free were to undergo a
total mastectomy. However, they remained in the group to which they
had originally been assigned. Tumor was evident in the specimen
margins in approximately 10 percent of patients treated with lumpec-
tomy, 78 percent of whom subsequently had a mastectomy.

Patients who had had a total mastectomy as treatment for a recur-
rence of tumor in the ipsilateral breast after lumpectomy remained in
the group to which they had originally been assigned. Mastectomy
was performed in 81 percent of these patients. The remainder under-
went a second lumpectomy, either because they refused to undergo
mastectomy or because a medical problem precluded mastectomy. Pa-
tients who underwent mastectomy because of a recurrence of the tu-
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mor were considered to have had a “cosmetic” failure but not a treat-
ment failure, unless the tumor was so extensive that it could not be
completely removed by mastectomy.

The events used in the analyses of disease-free survival were first
recurrences of disease, second cancers, and death without recurrence
of cancer. Recurrence of tumor in the ipsilateral breast was not des-
ignated an event in determining disease-free survival, since the pa-
tients who initially underwent total mastectomy were not at risk for
such a recurrence. Events used in the analysis of distant disease were
distant metastasis as the first recurrence, distant metastasis after a lo-
cal or regional recurrence, and a second cancer, including a tumor in
the contralateral breast. Overall survival refers to survival with or
without recurrence of disease.

 

Distribution of Patients

 

The distribution of the patients among the three treatment
groups in the various cohorts used for the analyses is shown in Table
1. Of the 2163 patients randomized, 2105 agreed to be studied and
had follow-up data available. These 2105 patients were included in
the intention-to-treat analyses, and are hereafter referred to as co-
hort A.

Of the 2105 women included in the intention-to-treat analyses, 254
were removed from the analyses for various reasons (Table 1), leaving
1851 patients (the current-update cohort, or cohort B). Data on these
1851 patients formed the basis of our updated analysis. Among the
254 women excluded were 170 who consented to be followed in the
study but who were not included in cohort B because they refused
the assigned therapy; 152 of these women were randomly assigned to
treatment before they had signed consent forms (prerandomization),
and 18 after they had signed. Cohort B also excludes six patients from
St. Luc Hospital who were declared ineligible because the dates of the
first positive biopsy had been falsified. Two patients in cohort B were
not used in a previous analysis of this protocol

 

2

 

 because they with-
drew consent after participating in the study. The patients are includ-
ed in this analysis up to the time of their withdrawal. Cohort C com-
prised all the patients in cohort B minus 322 patients enrolled in the
study by St. Luc Hospital. These 322 patients were eligible, had
known nodal status, accepted the assigned treatment, and were fol-
lowed.

 

Statistical Analysis

 

Life tables were computed by the actuarial method.

 

7

 

 The length of
time to treatment failure was calculated from the time of the initial
operation. The summary chi-square test was used to compare the dis-
tributions of the time to treatment failure after adjustment for the
number of positive nodes.

 

9-11

 

 All P values relate to two-sided log-rank
tests. Tests for heterogeneity of outcomes among the three treatments
were performed for each cohort throughout the entire follow-up (re-
ferred to in this report as the global P value). Numbers and statistics
(event-free rates, relative odds ratios and their 95 percent confidence
intervals, and P values) for pairwise com-
parisons in summary tables are cumulative
through the end of 12 years of observation. In
comparisons of the group treated by total mas-
tectomy with each of the groups treated by
lumpectomy, relative odds with values greater
than 1 indicate a better outcome for patients
treated by lumpectomy, whereas relative odds
less than 1 indicate a better outcome for those
treated by total mastectomy. Tests were adjust-
ed for the number of nodes involved (0, 1 to 3,
4 to 9, 

 

�

 

10). In accordance with recently rec-
ommended statistical methods

 

12,13

 

 for estimat-
ing the probability of a recurrence of tumor in
the ipsilateral breast in the presence of com-
peting risks — that is, recurrences at other
sites or death — cumulative incidence curves
are used. This differs from our previous re-
ports

 

8,14

 

 in which life-table estimates and cu-
mulative hazard rates were used to present
such information.

Information on survival, disease-free sur-
vival, and distant-disease–free survival is pre-
sented for cohorts A, B, and C. Information
on the recurrence of tumor in the ipsilateral

breast after lumpectomy with breast irradiation and without it has
been obtained from all cohorts but is presented only for the 1851 wom-
en in cohort B.

 

Falsifications of Data on Patients from St. Luc Hospital

 

Of the 354 patients enrolled in the trial by St. Luc Hospital, 118
were assigned to total mastectomy, 119 to lumpectomy, and 117 to
lumpectomy and breast irradiation. Descriptions of the falsifications
have been reported previously.

 

4,5

 

 False biopsy dates were submitted
for six patients (1.7 percent), or 0.3 percent of all patients who under-
went randomization: three treated by total mastectomy, two treated
by lumpectomy, and one treated by lumpectomy and breast irradia-
tion. As of the cutoff date for this report, September 30, 1993, all six
patients had up-to-date follow-up information. Five of the six were
node-negative, and all six were alive on the cutoff date. One had dis-
tant metastasis, which was reported after the publication of our 1989
report.

 

2

 

 Two had a recurrence of tumor in the ipsilateral breast and
were included in previously published analyses.

 

1,2

 

 

 

The NCI Audit

 

Between March 28 and July 20, 1994, on-site audits of the records
of 1554 randomized patients in Protocol B-06 (86 percent of the ran-
domized patients excluding those enrolled at St. Luc Hospital) were
carried out to ascertain whether additional falsifications could be
identified and to verify patients’ eligibility and outcome end points.

 

6

 

In addition, the National Death Index was searched to identify deaths
not previously found. The data base for the current reanalysis was ob-
tained by merging the NSABP summary file with the audited NCI
data base. The file for the current analysis was closed on March 19,
1995, although at that time, there was a discrepancy between the au-
dit findings and the NSABP records for six patients. In one of the six
cases, follow-up information was available to the NSABP Biostatistical
Center but not to the auditors. The NCI audit used clinical informa-
tion on the site of the first treatment failure in the other five cases.
However, histologic confirmation was not available. NCI audit find-
ings were used in this reanalysis, except for the six cases with discrep-
ant findings, when NSABP records were used. The results did not
change, regardless of whether NSABP records or NCI audit findings
were used for these six patients.

The audit did not change the number of patients included in the
current update (cohort B). Although one additional patient was found
to be ineligible, she had never been included in published analyses be-
cause she had refused her assigned treatment.

 

R

 

ESULTS

 

Survival

 

When overall survival in the three treatment groups
was examined in each of the three cohorts, no signifi-
cant differences were found (Fig. 1). The overall surviv-

 

*Patients refused to sign the consent form or withdrew before treatment began.

†Patients did not meet at least one criterion necessary for eligibility.

 

Table 1. Distribution of Patients among Treatment Groups in the Various Cohorts
Used in the Analyses of Data from Protocol B-06.

 

C

 

OHORT

 

T

 

OTAL

 

M

 

ASTECTOMY

 

L

 

UMPECTOMY

 

L

 

UMPECTOMY

 

�

 

I

 

RRADIATION

 

T

 

OTAL

 

Total no. of randomized patients 713 719 731 2163
A (no. of patients) 692 699 714 2105

Declined to participate* 21 19 17 57
Not included because of insufficient follow-up data 0 1 0 1
Mean time after randomization (mo) 150 149 149 149

B (no. of patients) 589 634 628 1851
Not included because of noninvasive cancer 9 12 15 36
Refused assigned treatment 77 36 57 170
Ineligible because of falsified data provided by 

St. Luc Hospital
3 2 1 6

Ineligible for other reasons† 13 12 9 34
Not included because nodal status unknown 1 3 4 8
Mean time after randomization (mo) 150 149 150 150

C (no. of patients) 494 520 515 1529
Not included because enrolled by St. Luc Hospital 95 114 113 322
Mean time in study (mo) 151 149 150 150
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al estimates at 12 years were similar in the three co-
horts for patients treated with lumpectomy and breast
irradiation: 62 percent in both cohort A (patients ana-
lyzed according to the intention to treat) and cohort B
(the current-update cohorts, consisting of the patients
in cohort A minus the 254 excluded for the reasons list-
ed in Table 1) and 63 percent in cohort C (consisting of
the patients in cohort B minus all patients enrolled by
St. Luc Hospital) (Table 2). In all three cohorts, overall
survival among patients treated by lumpectomy and
breast irradiation was the same as or slightly greater
than that among patients treated by total mastectomy.
Overall survival in all three cohorts was similar for pa-
tients who had undergone a total mastectomy and pa-
tients treated by lumpectomy.

When survival was analyzed according to nodal sta-
tus, there was no significant heterogeneity among the
three treatment groups for either patients with node-
negative cancer or patients with node-positive cancer in
any of the cohorts (data not shown).

 

Disease-free Survival and Distant-Disease–free Survival

 

As with overall survival, when disease-free survival
was analyzed in each of the cohorts, the outcome was
similar among the three treatment groups (Fig. 2). The
estimates of disease-free survival at 12 years for pa-
tients treated by lumpectomy and breast irradiation
were 50 percent in cohorts A and C and 49 percent in
cohort B (Table 3).

When overall distant-disease–free survival was ana-
lyzed in each cohort, no significant differences were
found among the three treatment groups (Fig. 3). When
pairwise comparisons were made in each of the cohorts
between the group treated by total mastectomy and each

of the lumpectomy-treated groups, there were no signif-
icant differences in overall distant-disease–free survival
during the 12 years of follow-up (data not shown).

When disease-free survival and distant-disease–free
survival were analyzed for patients with node-negative
cancer in the three cohorts, significant or nearly signif-
icant differences were observed among the treatment
groups (data not shown). Significantly or nearly signifi-
cantly higher percentages of patients with node-negative
cancer treated by total mastectomy or lumpectomy and
breast irradiation remained free of disease and free of
distant disease than of patients with node-negative can-
cer treated by lumpectomy. However, in patients with
node-positive cancer, there were no significant differ-
ences in disease-free and distant-disease–free survival
in any of the three cohorts.

 

Tumor in the Ipsilateral Breast after Lumpectomy with or 
without Breast Irradiation

 

The likelihood of the recurrence of tumor in the ipsi-
lateral breast was evaluated in a total of 1137 patients
treated with lumpectomy whose specimen margins were
histologically free of tumor (Fig. 4). Radiation therapy
resulted in a marked decrease in the rate of recurrence
of tumor in the ipsilateral breast. For the 12 years of fol-
low-up, the cumulative incidence of tumor recurrence
was 35 percent in the group treated by lumpectomy
alone and 10 percent in those treated by lumpectomy
and breast irradiation (P

 

�

 

0.001). In patients with node-
negative cancer, the cumulative incidence was 32 per-
cent and 12 percent, respectively. Among the patients
with node-positive cancer, all of whom also received
chemotherapy, the decrease in the likelihood of recur-
rence of tumor in the ipsilateral breast was more evi-

 

Figure 1. Life-Table Analysis Showing Overall Survival among Patients in the Three Cohorts Who Were Treated by Total Mastectomy,
Lumpectomy, or Lumpectomy and Breast Irradiation.

The number of deaths includes those occurring after 12 years.
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dent after lumpectomy and breast irradiation than after
lumpectomy alone (5 percent vs. 41 percent).

 

D

 

ISCUSSION

 

In planning a strategy for the reanalysis of data in this
study, we encountered numerous issues that were diffi-
cult to resolve. The literature is sparse regarding how
fraudulent or altered data should best be handled.

 

15

 

 The
options available to us for dealing with patients made in-
eligible because of fraudulent data ranged from including
all data from all patients, regardless of whether falsified
information was submitted, to excluding all data from all
patients enrolled by St. Luc Hospital. An intermediate
strategy was to exclude only the patients with falsified en-
try information. Findings from St. Luc Hospital are not

presented separately, since examin-
ing a subgroup of a much larger co-
hort of patients may result in unre-
liable conclusions. Because of the
variations in findings among institu-
tions, the chance of obtaining false
positive findings (i.e., type I errors) is
increased.

In previous analyses of Protocol
B-06,

 

1,2

 

 two analytic components
were used: the intention-to-treat
principle,

 

16-18

 

 according to which eli-
gibility criteria are ignored and pa-
tients are analyzed according to their
randomized treatment assignment
(cohort A), and the “clinically ana-
lyzable,” or “analysis-per-protocol,”
strategy, similar to the one designat-

ed in this report as the current update (cohort B). Ac-
cording to the latter strategy, patients who, for example,
are ineligible for the protocol, have refused the assigned
treatment, have noninvasive cancers, or have unknown
nodal status are removed from the cohort used for anal-
ysis. In our initial report of the results of Protocol B-06,

 

1

 

we indicated that these two cohorts were used and that,
since the conclusions of the resulting analyses did not
differ, the findings presented were those obtained by the
analysis-per-protocol strategy.

In the current report, we have continued to use this
strategy. The only difference between the current-
update cohort in this paper and the current-update co-
hort in our previous reports is that in this paper six St.
Luc patients with data falsifications were regarded as

 

*Refers to patients who were alive at the most recent contact but who had been followed for less than 12 years.

†Life-table estimates were adjusted for the number of positive nodes (0, 1 to 3, 4 to 9, or 

 

�

 

10).

‡In all cases, the reference group is the group that underwent total mastectomy. CI denotes confidence interval.

 

Table 2. Survival Estimates for All Treatment Groups after 12 Years of Follow-up.
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Figure 2. Life-Table Analysis Showing Disease-free Survival among Patients in the Three Cohorts Who Were Treated by Total Mas-

100

80

60

40

20

10

0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

D
is

ea
se

-f
re

e 
S

ur
vi

va
l (

%
)

Global P � 0.08Global P � 0.18Global P � 0.15

Year

Total mastectomy

Lumpectomy

Lumpectomy �
  irradiation

Total

692/336

699/367

714/339

2105/1042

589/296

634/340

628/306

1851/942  

494/250

520/288

515/248

1529/786  

No. of Patients/No. of Events

Cohort CCohort BCohort A

 

tectomy, Lumpectomy, or Lumpectomy and Breast Irradiation.
The number of events includes those that occurred after the 12-year follow-up period.
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six additional ineligible patients and were thus deleted
from the clinically analyzable cohort of patients.

To allay concern generated by the St. Luc falsifica-
tions, we also analyzed our data after eliminating all
patients enrolled by St. Luc Hospital. The outcomes
and conclusions did not change. Though the removal of
all St. Luc patients from future analyses might seem ap-
propriate, there are compelling reasons not to do so.

 

15,18

 

A large-scale removal of data is justifiable if the exist-
ence of patients is fabricated, randomization is compro-
mised, end-point information is altered, or the number
of falsifications is large. However, the audit of the St.
Luc data for Protocol B-06, in which records from mul-

tiple sources were examined for all
patients, revealed no evidence of
such falsifications.

 

5

 

 The false infor-
mation concerned the eligibility sta-
tus of a small number of patients
and was altered before the patients
underwent randomization. Under
these circumstances, eliminating the
128 St. Luc patients who died, as
well as those who are still alive —
all of whom agreed to participate
and to contribute to the study — is
antithetical to the appropriate anal-
ysis of large, randomized, multi-
center clinical trials.

 

18

 

 Furthermore,
in principle, the falsifications en-
countered would not have been ex-
pected to bias the outcome. Our
findings support that contention.
Thus, it is appropriate to include all

St. Luc patients with follow-up data in future intention-
to-treat analyses.

 

18

 

 
The findings and conclusions reported for 12 years of

follow-up are in accord with those reported after 5 and
8 years of follow-up.

 

1,2

 

 They indicate that there is no
significant heterogeneity in survival, disease-free sur-
vival, or distant-disease–free survival among the three
treatment groups, regardless of which of the cohorts
was used for the analyses.

The value of radiation therapy in reducing the inci-
dence of tumor in the ipsilateral breast after lumpecto-
my continues to be an important factor. Current find-
ings show a 10 percent cumulative incidence of tumor

 

*DFS denotes disease-free survival, and CI confidence interval.

†Refers to patients who were free of events at the most recent contact but who had been followed for less than 12 years.

‡Life-table estimates were adjusted for the number of positive nodes (0, 1 to 3, 4 to 9, or 

 

�

 

10).

§In all cases, the reference group is the group that underwent total mastectomy.

 

Table 3. Estimates of Disease-free Survival for All Treatment Groups after 12 Years
of Follow-up.
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Figure 3. Life-Table Analysis Showing Distant-Disease–free Survival among Patients in the Three Cohorts Who Were Treated by
Total Mastectomy, Lumpectomy, or Lumpectomy and Breast Irradiation.

The number of events includes those that occurred after the 12-year follow-up period.
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recurrence after 12 years of follow-up among patients
who underwent irradiation, as compared with 35 per-
cent for those who underwent no irradiation. These val-
ues are lower than those previously reported

 

8,14

 

 since
they estimate the probability of a recurrence of tumor
in the ipsilateral breast in the presence of competing
risks — that is, recurrences at other sites and deaths.
Of particular importance are the findings in patients
with node-positive cancer treated by lumpectomy, who
also received radiation and systemic therapy. The cu-
mulative incidence of recurrent tumors in the ipsilateral
breast was only 5 percent in this group at 12 years of
follow-up. This low incidence precludes one from con-
sidering positive axillary nodes as a contraindication to
breast-conserving surgery.

This report should eliminate any remaining uncer-
tainty surrounding Protocol B-06 as a result of the dis-
closure of data falsifications at St. Luc Hospital. After
12 years of follow-up, findings continue to indicate that
lumpectomy followed by breast irradiation is appropri-
ate therapy for women with stage I or II breast cancer.
The safeguards incorporated into the design of the
study prevented the actions of a single person from ma-
terially affecting the findings and conclusions — an as-
surance that cannot be made for studies that lack such
safeguards. We believe that this report confirms the
worth of meticulously conducted large multicenter, pro-
spective, randomized clinical trials and should restore
the confidence of physicians and patients in such trials.
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Figure 4. Life-Table Analysis Showing the Cumulative Incidence of Recurrence of Tumor in the Ipsilateral Breast after Lumpectomy
or Lumpectomy and Breast Irradiation in 1137 Patients in the Current-Update Cohort (Cohort B) Who Had either Negative or Positive

Nodes and Tumor-Negative Specimen Margins.
The P values were calculated from average annual rates of recurrence in the ipsilateral breast. The number of recurrences includes

those that occurred after the 12-year follow-up period.
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