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Abstract

Two randomized trials were conducted in Canada in the 1980s to test the efficacy of breast cancer screening. Neither of the
trials demonstrated benefit. Concerns were raised regarding serious errors in trial design and conduct. Here we describe
the conditions that could allow subversion of randomization to occur and the inclusion of many symptomatic women in a
screening trial. VWe examine anomalies in data where the balance would be expected between trial arms. “Open book” rando-
mization and performance of clinical breast examination on all women before allocation to a trial arm allowed women with palp-
able findings to be mis-randomized into the mammography arm. Multiple indicators raising suspicion of subversion are present
including a large excess in poor-prognosis cancers in the mammography trial arm at prevalence screen. Personnel described shift-
ing of women from the control group into the mammography group. There is compelling evidence of subversion of randomiza-
tion in Canadian National Breast Screening Study. Mis-randomization of even a few women with advanced breast cancer could
markedly affect measured screening efficacy. The Canadian National Breast Screening Study trials should not influence breast
screening policies.
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Two breast screening trials began in Canada in 1980 with the inten-
tion of answering two questions: (a) Does routine screening of
women aged 40—49 with screen-film mammography (M) and clin-
ical breast examination (CBE) confer a mortality reduction from
breast cancer compared to usual care (UC)? (b) Does routine
screening with screen-film mammography and CBE in women
aged 50-59 allow mortality reduction beyond that obtained with
CBE alone? These questions were not definitively resolved by
the Health Insurance Plan Trial conducted in the US in the 1960s.!

In what is now known as the Canadian National Breast Screening
Study 1 (CNBSS 1) trial, women aged 4049 on entry were allocated
to either the screening arm (M + CBE) for up to five annual exam-
inations or to “usual care” in the community. The UC group received
an initial CBE upon entry to the study and no further intervention. In
CNBSS 2, women in their 50 s were allocated to either mammogra-
phy plus CBE (M + CBE) or CBE alone. In both trials, women
received up to five annual examinations.

The CNBSS investigators published 7-year follow-up results
in 1992,% with extended follow-up in 2000, 2002, and 2014.*°
In those publications the authors answered “no” to both of the
studies’ questions. From the beginning, however, these trials
were plagued by concerns and criticisms regarding the randomiza-
tion process, poor image quality, flaws in the method of recruitment
and other factors.”'? Now, 41 years after CNBSS began recruiting,
in addition to these problems, there are reports of serious protocol
violations related to subversion of the randomization that render the

trial results unreliable. How did this happen? Here, we review
some aspects of the design and conduct of the CNBSS trials
that led to problems with randomization and inclusion of symp-
tomatic women in what were intended to be trials of screening
and have resulted in their findings carrying minimal value for
informing policy on breast cancer screening.

The Randomization Process

Registration method

The two trials were randomized using an ‘“open book”
method."*® For each trial, a list was created in which each
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row represented an identifiable pre-randomized allocation to
one trial arm. If participants were registered line by line in
the order in which they presented at the study site, the trial
would have been properly randomized; however, the open-
book system allowed for possible subversion. A participant
destined for one trial arm could be entered into the other by
skipping the appropriate number of rows. Subsequent partici-
pants would then be registered in the blank slots and, after
the fact, no sign of subversion would exist

Clinical breast examination

Except at one of the 15 study sites, all women received a CBE
by a trained nurse examiner (in Quebec, physicians performed
the exam) before being registered in the CNBSS.® This was not
the order specified in the protocol, but for reasons unknown
was a practice adopted at 14 of the sites. The examiner
would have knowledge of any clinical findings at the time of
registration. It was possible, given the registration method,
that a study nurse could influence the allocation of a participant
to a particular trial arm. A likely possible scenario would be in
the case where there was a clinical finding and the nurse, with
good intentions, but not appreciating the critical importance of
randomization, could have urged that a woman be entered into
the M + CBE arm of the trial so that she would receive a mam-
mogram immediately.

Where is the evidence that such events occurred in the
CNBSS? It is seen in the first publication of CNBSS 1
(women in their 40 s) results in 1992." Of 24 poor prognosis
cancers (four or more positive axillary lymph nodes) found at
the prevalence screen, 19 occurred in women registered in
the M + CBE arm and only five in the UC arm. Of these 19,
17 were palpable. Boyd et al. in a published critique of the
CNBSS calculated that the probability of such imbalance
occurring randomly was only 0.0033.” They pointed to the
open-book registration and the pre-examination as serious
concerns.

There were other data that supported this hypothesis.
Screening mammography typically finds many cancers before
they can be detected clinically. In CNBSS 1 only 32% of the
cancers were detected by mammography alone. This is consist-
ent with the increased prevalence of more advanced, clinically
evident cancers in the M + CBE arm, causing the fraction of
mammographically alone detected cancers to drop.

At one of the screening sites (Winnipeg), an analysis was
performed correlating independent previous public health
insurance claim data with an assignment to trial arms. Of
nine CNBSS 1 and CNBSS 2 participants who had prior
health claims for breast cancer, eight were registered in the
mammography arms. In CNBSS 1, four of four such women
were assigned to the mammography arm. "

Why was not this problem discovered in 1992? In fact, it
was. Prompted by concerns voiced by Kopans,® Boyd et al.’
and later Tarone,"" in 1995 an external investigation into pos-
sible irregularities with randomization was launched by the trial
sponsor, the National Cancer institute of Canada, and the
Faculty of Medicine of the University of Toronto. The external
investigators, Drs John Bailar and Brian MacMahon, were

asked to review the randomization procedures that had been
used in the CNBSS.

In their report,14 Bailar and McMahon stated that “To avoid
subversion of randomization of this type, it is current practice
to conceal the allocation from both the study subject and the
person doing the randomization until or after the commitment
of the subject to a particular arm of the study.” But they con-
firmed that in the CNBSS, formal allocation occurred after
the clinical examination and that “the nurses (and probably
also the coordinators) were aware of the findings of the clinical
examination when the allocation was made.”

Bailar and MacMahon, with the help of forensic document
experts (from KPMG Investigation and Securities Inc.,
Toronto), limited their investigation to looking for erasures/
alterations in the allocation books. Alterations were found on
101 lines allocated to mammography. The investigators
acknowledged that they visited only 3 of the 15 study sites,
and that they “did not fill the terms of reference given to
us... we did not interview any of the field staff of the study,
even though a few are still working in the participating
centres.” This was a critical omission; since the allocation of
participants was on open lists, any compromise in the
process would have been undetectable. Dr Kopans wrote to
Drs. Bailar and MacMahon in 1995, prior to the review,
“emphasizing the importance of interviewing the individuals
involved in random allocation in the National Breast
Screening Study (NBSS). The most direct way to find out
whether the process was compromised would be to ask those
involved in the allocation and to provide them with anonymity
and protection from retribution.” This was not done. Bailar and
MacMahon also acknowledged that a coordinator from one of
the centers was dismissed because she had assigned her friends
to the mammography arm.

Even though they did not interview the staff, they “noted
several ways in which the randomization in the NBSS study
could have been subverted.” They acknowledged that they
could not “exclude the possibility that one or the other of
these methods of subversion (or other methods we are
unaware of) were used,” but argued that even if subversion
had occurred, it “would have affected very few individuals.”

In a simple calculation, one of us (MJY)" demonstrated
how even a small imbalance in the assignment of women
who entered the study with advanced cancers would defini-
tively shift the study results away from a demonstration of mor-
tality reduction. It is seen (Figure 1) that systematically shifting
only 10 women with advanced cancer in CNBSS 1 from the
UC arm to the M + CBE arm could have the effect of changing
a 26% mortality reduction into the appearance of a 36%
increase in mortality.

In 1995, Tarone, in response to concerns about randomiza-
tion in CNBSS, suggested that the data be analyzed excluding
the deaths that occurred from cancers detected in the preva-
lence round.® For two decades the CNBSS investigators
resisted performing this analysis. Finally, they did such an ana-
lysis in 2014; however, unfortunately, and inexplicably, the
study investigators chose to pool the data from the two different
studies (CNBSS 1 and 2).° This is without justification as the
studies actually had different designs based on two different
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Figure 1. The effect of shifting the allocation of women with advanced breast cancers, destined to die, from the usual care arm to the
mammography arm of Canadian National Breast Screening Study (CNBSS) I. The red bar indicates that shifting only 10 of these women would
cause a mortality reduction benefit of 26% to appear instead as an increased risk of 36%.

hypotheses. Nevertheless, the analysis showed that by eliminating
that first screening round the hazard ratio associated with screen-
ing fell 15% points from 1.05 (95% confidence interval (CI):
0.69-1.16) to 0.9 (95% CI: 0.85-1.3).° Without speculating on
the exact nature of the cause of that drop, the change is compelling
evidence of a randomization problem. Furthermore, the authors
reported that the breast cancer mortality hazard ratio associated
with the mammography arm was 1.47 for cancers detected in
the prevalence screen, compared with 0.9 in subsequent
screens,6 and that the 7-year survival rate for women in the M
+ CBE arm was 88.7% compared to 91.2% in the UC zmn,1
further supporting the argument that the initial randomization
was not balanced, with the imbalance conferring a bias against
observing a benefit from screening.

Bailar and MacMahon concluded that they could find no
credible evidence that compromise of the randomization had
occurred and they came up with no explanation for the imbal-
ance in allocation. Miller has argued that the fact that overall
demographic measures in CNBSS were well balanced
between the study arms is proof of valid randomization.>>"'¢
It is, important, however, to realize that shifting even 100 or
more women of the 50,430 women in CNBSS 1 would have
no discernible effect on that balance: the imbalance in the
small but crucial numbers of advanced cancers could markedly
alter the comparison of deaths due to breast cancer while
making no discernable difference in the risk factor profiles in
the study population as a whole.

This left strong suspicions regarding major protocol viola-
tions in CNBSS;”’18 however, the evidence for subversion of
randomization remained circumstantial for three decades.

In March 2021, one of us (DBK) presented a virtual invited
lecture at the University of Toronto about the CNBSS, men-
tioning the concern about randomization. After the lecture, a
mammography technologist who worked at the St Michael’s
Hospital site of CNBSS came forward, confirming the

long-held suspicions of compromised randomization.'® She
reported that some women with breast lumps were deliberately
assigned to the mammogram arm of the study, rather than
blindly randomized. Supportive of this testimony was a very
high screen-1 cancer detection rate in the mammography arm
at St Michael’s site, much higher than at other sites and 12
times higher than that for the CBE arm, which had a very
low cancer detection rate. Similarly, the benign-to-malignant
ratio at biopsy at this site was low (1.8:1) compared to other
sites, suggesting a preponderance of larger, easily detected
cancers (unpublished data).

Subsequently, another eyewitness, a radiologist at a separate
screening site in a different city, came forward with informa-
tion about serious protocol violations at that site."”

Recruitment of Symptomatic Women into
the Trials

The CNBSS trials were intended to be studies of screening, the
detection of breast cancer in asymptomatic women. Women
with symptoms are unlikely to benefit from screening and
require diagnostic workup, including imaging.

Women who entered the CNBSS trials were volunteers.
Mammography was not widely performed as a screening pro-
cedure at that time and many of the women who entered the
CNBSS were likely to have done so because they had a 50%
chance of receiving yearly mammography exams. It is not
unreasonable to assume that they may have been concerned
about the possibility that they had breast cancer and were,
therefore, interested in having a mammogram.

At some screening centers, however, where the study
recruitment was lower than desired, women were recruited
from the practices of breast surgeons. The likelihood of these
women being asymptomatic would have been very low.
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In fact, through discussions with individuals who had
worked in a professional capacity at CNBSS sites, 17 of
these people at seven sites stated that they were aware of
women with symptoms being recruited.'®*° Some of these
women undoubtedly would have had breast cancer, detectible
either at entry or in subsequent years, and by contributing to
deaths in both arms of the study these symptomatic cancers
would have added a systematic bias to deaths in both arms,
diluting the ability to detect any beneficial effect of mammo-
graphy screening. This might in part explain the high fraction
of palpable cancers found at the initial screen in CNBSS 1
(58.1%) and CNBSS 2 (54.2%).>

This effect would occur in addition to that associated with
subversion of randomization, further reducing the measure-
ment of any real benefit from screening.

Discussion

The local, open-book method of randomization in CNBSS and
the fact that all women received CBE before being formally
given their allocation in the trial registry created conditions
where it was not difficult to subvert random assignment to
the arms of the CNBSS trials, and this could be done without
detectable signs such as erasures. The initial CBE also provided
motivation for the examiner to direct women with palpable
findings into the arm where they would receive mammography
immediately. The systematic shifting of CNBSS participants
between study arms at entry could have implications beyond
deaths due to cancers detected in the prevalence screen. The
presence of palpable findings in women at entry is often asso-
ciated with atypical hyperplasia, which is strongly predictive of
an increased risk of cancer that could be detected in subsequent
screens or appear as interval cancers, some of which would
result in deaths associated with detection at these later time
points.>"*

Given the documented witness statements,'® there are key
questions remaining that could explain the results of the
CNBSS. How many women with more advanced cancers
were shifted from their original random allocation in the
CNBSS? On an individual basis, how many of the cancer
deaths in each study arm were associated with the presence
of advanced cancers in that arm at study entry? Similarly,
how many deaths in each arm were associated with the pre-
sence of palpable signs at study entry as opposed to cancers
that were detected by mammography alone? How much varia-
bility was there among study sites in the imbalance of advanced
cancers between study arms? How much variability was there
among study sites in the probability of dying of breast cancer
between the two study arms? These are questions that can
only be answered by the CNBSS investigators.

This is not simply an issue for the CNBSS. It is a salutary
lesson that random allocation in a clinical trial should not be
predictable for the recruiting staff and should be unalterable
after the fact. One would hope that this lesson has already
been learned, but it does no harm to repeat it. This is also a
lesson for those who conduct systematic reviews. For many
years, concerns about the potential subversion of randomiza-
tion in these trials have been expressed in the public domain,

yet many systematic reviews dismissed these, taking the demo-
graphic similarity of the study arms as a whole (irrelevant to the
issue of systematic allocation of the small numbers of trial par-
ticipants with existing palpable disease, as noted above) as
reassurance that the randomization was adequate.”>**

Conclusion

In addition to other serious flaws that have been documented
elsewhere,®'° there is now direct eyewitness evidence avail-
able of subversion of randomization of the CNBSS and the sys-
tematic inclusion of symptomatic individuals. CNBSS 1 and 2
were not reliably randomized controlled trials, nor were they
truly trials of screening. Their results should no longer be
used in meta-analyses of screening nor to inform policies on
breast cancer screening. Future trials should avoid the weak-
nesses in design methodology and should contain effective
measures to prevent the flaws in execution that were found in
CNBSS 1 and 2.
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