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Point: Mammography screening—

sticking to the science

M.). Yaffe phD*

BACKGROUND

The concept underlying screening is that, by detecting
potentially lethal cancers in a population at an earlier
point than when those cancers would surface clinically,
earlier andless harsh treatment can be given, reducing both
mortality and morbidity. The efficacy of screening women
between the ages of 40 and 69 for breast cancer has been
demonstrated in individual randomized controlled trials
and meta-analyses, with overall mortality reductions vary-
ing between 19% and 31%'~*. Furthermore, observational
studies of screening as delivered in more than 20 organized
programs has shown mammography screening to be ef-
fective, with participating populations being associated
with mortality reductions of 40% or higher compared with
mortality in nonparticipating populations over the age
range of 40-74 years>,

Of necessity, a program that aims to reduce the inci-
dence rate of advanced disease through earlier detection
requires that many asymptomaticindividuals be screened
to detect the relatively small number of cancers in a
population. That requirement causes screening, even for
arelatively common disease such as breast cancer, to be a
ratherinefficient process. Most women—about 93%-95% of
them—willreceive a negative result, and their only benefit
will be the reassurance that they do not have breast cancer.
That inefficiency could be one of the reasons that some
physicians and researchers are not supportive of screening.
Wouldn’titwould be better to image only those with cancer
or only those who have major risk factors? Unfortunately,
if cancer is to be found earlier, it is not acceptable to wait
untilwomen become symptomatic. And most women who
develop breast cancer carry only the risk factors of being
female and more than 40 years of age.

THE CANADIAN NATIONAL BREAST
SCREENING STUDY

The Canadian National Breast Screening Study (CNBSS)
used mammography or clinical physical examination, or
both, to screen women between the years 1980 and 1985,
and in 1992, the investigators first published the study’s
failure to observe a benefit from mammography screen-
ing”®. In his November 2014 article?, Dr. Steven Narod
defended the cnBss, which has been heavily criticized by
other scientists on the basis of methodologic flaws and poor
mammography quality'®-12,

In 1993, I was co-author on an article, which Narod
unfortunately failed to cite, that laid out the criticisms of
the cnBss without casting aspersions about the motives
or underlying reasons for the deficiencies in that trial'°.
Because of the onslaught against screening mammogra-
phy presented in the paper by Narod and the editorials by
Baum!®® and Foulkes', I thought that it would be useful to
revisit the problems that caused the cNBss to stand apart
from the other randomized controlled trials of breast can-
cer screening in being the only trial that concluded with
a higher breast cancer death rate in the group invited to
screening compared with the control group. Those prob-
lems are likely the factors that prevented the cnBss from
demonstrating a mortality reduction from screening in
1992, when the first publication of its results appeared”®.
Because the decisions and basic conditions underlying
the problems could not subsequently be modified, it is not
surprising that a mortality reduction did not emerge upon
the second publication of the trial results in 2002!>16 or in
the 25-year follow-up'’. The largest of the problems is prob-
ably the evidence that some women with poor-prognosis
cancers were not randomly entered into the two arms of
each trial, but there are others that should not be ignored.

Statistical Power

The cnBss is actually not a single trial, but two separate
trials, asking two different research questions. In cNBssi,
50,000 women 40-49 years of age were to be randomized to
receive either annual mammography plus clinical breast
examination (CBE) by a trained nurse for 5 years or an
initial cBE followed by “usual care” over the subsequent 4
years. Here, the research question was “Does screening in
the 40—49 age group contribute to reduced mortality from
breast cancer?”

In cNBss2, the research question was “Does the addi-
tion of mammography screening increase the mortality
reduction provided by cBE alone?” In this trial, approxi-
mately 40,000 women 50-59 years of age were to be ran-
domized to 5 annual examinations which were either cBE
or CBE plus mammography.

Each of the cnBss studies was powered to be able to
detect a mortality reduction of 40% or greater”8. We are
beginning to see 40% mortality reductions in the current
screening era®®, but effects of that size certainly did not
emerge from any of the cNBss era trials, and the cnBss trials
did not have adequate power to detect a smaller mortality
reduction ifit existed. Although the two trials had been kept
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separate through the first two publications, the authors of
the 2014 publication'” chose, for reasons that were not ex-
plained in their article, to combine the results of these trials
that asked two different research questions, inflating the
size from 40,000 and 50,000 for the original trials to 90,000,
possibly giving readers an overly optimistic impression of
the study power.

Randomization
Randomization in the cNBss used a decentralized open-
book method in which slots were to be assigned randomly,
allocating women to the study or the control arm in each
of the two trials. But, in the initial (prevalence) round of
screening, women received a CBE before their names were
entered, and there would therefore be some knowledge at
the screening site of palpable abnormalities before the of-
ficial registration of the participant occurred. Boyd et al.!%18
observed that, in the data presented in the first cNBss1 pub-
lication, of 24 women with poor-prognosis breast cancers
discovered in the prevalence round, 19 were assigned to the
study (mammography) arm and only 5 to the control arm.
Of the 19 cancers in women assigned to the study arm, 17
were palpable, and so those cancers were not simply found
earlier because of thelead time afforded by mammography.
The probability of this assignment occurring by chance
was estimated by Boyd at 0.0033. That estimate is a strong
indication of a failure in randomization, where, technically,
for any variable of interest, the distribution in the study
group and the control group should be approximately 50:50.
The excess of breast cancer deaths that would occur
from even a small imbalance in the assignment of women
who entered the study with advanced cancers would cer-
tainly shift the study results away from a demonstration of
mortality reduction. In fact, Miller et al.'” provide evidence
of that shift. In 1995, Tarone'® suggested that the cnBss data
be analyzed excluding the deaths that occurred from can-
cers detected in the prevalence round. When that analysis
was finally done by the cNBss authors in 2014, the hazard
ratio associated with screening fell 15 percentage points to
0.9 (95% confidence interval: 0.69 to 1.16) from 1.05 (95%
confidenceinterval: 0.85 to 1.3). Without speculating on the
exactnature of the cause of thatfall, the change is compel-
ling evidence of a randomization problem. Furthermore,
the authors reported that the breast cancer mortality haz-
ard ratio associated with the mammography arm was 1.47
for cancers detected in the prevalence screen, compared
with 0.9 in subsequent screens!, further supporting the
argument that theinitial randomization was not balanced,
with the imbalance conferring a bias against observing a
benefit from screening.

Image Quality and Sensitivity

The ability to achieve a mortality reduction from screening
is highly associated with the ability to achieve a reduction
intherate of advanced cancers thatappearin the screened
population?®. Although the randomized trials that demon-
strated mortality reductions observed reductions greater
than20% in advanced cancer rates (node-positive or larger
than 2 cm in diameter), the cnBss did not. Further, the
mean size of cancers detected was only about 2 mm smaller
in the mammography arm than in the control arm. When
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imaging fails to detect breast cancer smaller than that
which can be detected with palpation, the implication is
that either the quality of the mammographic images, or
the quality of the interpretation by the radiologist, or both,
are suboptimal.

In screening, the ability to reduce the incidence rate of
advanced cancers comes from the detection and treatment
of cancers earlier in their natural history. Earlier detection
requires that the images be of high quality with respect to
breast positioning and technical characteristics (contrast,
resolution, signal-to-noise ratio) and that the interpreta-
tions be performed by highly skilled radiologists. A series of
several prominent breast radiologists (Wende Logan-Young,
Stephen Feig, Edward Sickles, Daniel Kopans, Laszlo Tabar)
broughtinbythe cnBss during the screening period assessed
the quality of the mammography. Those radiologists consis-
tently expressed concern with the quality, considering the
images to be below the standards of the time'!"?!.

As a consultant to the study, initially asked to provide
input on issues related to radiation safety, I also noted
limitations—in some cases severe limitations—with the
technology available for imaging at the clinics and hospi-
tal facilities that performed the imaging for the cnBss?2.
Some of the mammography systems were old and lacked
features that are essential for producing mammograms of
consistently high quality. In some cases, I noted that far-
from-optimal exposure techniques were being used. It is
likely that those problems contributed to the inability in
the cnBss toreduce the incidence of advanced cancers and
to the failure of cNBss to observe mortality reductions from
screening similar to those in the other randomized trials.

Crossover or Contamination

In randomized trials of cancer drug therapy, patients in
the study arm are offered a new agent thought to have to
potential to improve outcome, while those in the control
arm receive the standard treatment. Normally, patients
are motivated to be assigned to the study arm, believing
that the new drug could help them. Meanwhile, those in
the control group do not have access to the drug outside
the trial. Although some patients drop out of the trial,
there are fewer opportunities for “crossover” than exist
in a randomized screening trial in which study partici-
pants have a low probability of having cancer and might,
for example, fear radiation and not attend screening,
while those in the control group can easily access mam-
mography outside of the trial. In the cNBss, 26% of the
women 40-49 years of age in the non-mammography arm
underwent mammography atleast once during the 5-year
screening period; in the older group, 17% had at least 1
mammography exam. Although the outside use of mam-
mography is not, per se, a flaw in the trial, if the analysis
performs no correction for the effect, any real mortality
reduction will be markedly underestimated.

Overdetection

Often incorrectly called “overdiagnosis,” the term
“overdetection” refers to cancers detected by screening,
which, because of indolence would never otherwise have
surfaced in the individual’s lifetime. Although overde-
tection almost certainly occurs at some level, there has
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been much controversy recently over the magnitude of
the phenomenon. In principle, a randomized trial with a
long follow-up period would be an excellent platform for
an evaluation of overdetection. Miller et al.'” reported an
overdetection rate of 22%. Although the 2014 paper was
to be a 25-year follow-up, the overdetection calculation
was, for reasons not explained, done at the 15-year point.
If the cnBss data are observed at 25 years, the estimated
level of overdetection is much lower. The total number of
invasive cancers was 3250 in the mammography arms and
3133 in the control arm, an imbalance of only 117 (3.7%).
Because the degree of screening uptake by women in the
two arms of each study after the 5-year screening period
is not known, the reliability of either of those estimates
is likely to be low?3-25,

SUMMARY

There is strong evidence, much of it provided in the 25-
year update!’, to explain why the cnBss is indeed an out-
lier among randomized trials in failing to demonstrate
a mortality reduction associated with an invitation to
mammography screening. Although Narod’s loyalty to
his mentor is commendable, I believe that if he were to
study this evidence carefully, he would understand why
the cnBss results should not be used to influence screen-
ing policy. To the extent that his article and the articles by
Baum!® and Foulkes! in the same issue of Current Oncol-
ogy use the cNBss results as the foundation of their argu-
ments discounting the value of mammography screening,
while ignoring the large body of evidence supporting the
benefits of mammography, they do an injustice to women
for whom such programs represent one of the few proven
interventions that can reduce their risks of death from
breast cancer and of the morbidity associated with treat-
ment of advanced disease.
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