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Considering the declining breast cancer mortality in the
United States, it is apparent that a “tipping point” was
reached between 1986 and 1991, most apparent after 1990.
For the first time since 1930, the previously unyielding age-
adjusted breast cancer mortality rate began a continuous
decline, starting about 5 years after the upsurge in use of
mammographic screening in the 1980s (Fig. 1)." This mor-
tality decline had reached 30% in the entire United States by
2007 (Fig. 2; http://www.seer.cancer.gov) and had reached
as much as 48% in Delaware, 41% in Rhode Island, and 40%
in Massachusetts (http://statecancerprofiles.cancer.gov), the
three highest states in mammography use recorded by the
2006 Behavioral Risk Factor Surveillance System (BRFSS)
telephone surveys (http://cdc.gov/brfss/). The BRFSS esti-
mates mammography use at least every 2 years by women
over the age of 40. In contrast, mortality decline has been
only 11% in Utah, 12% in Mississippi, and 14% in Okla-
homa, three of the four lowest states in BRFSS reports of
screening incidence (Fig. 3; http://statecancerprofiles.
cancer.gov). Although the BRFSS rates may be somewhat
exaggerated because they are based on women’s recall, the
resultant relative ranking is undoubtedly correct because
survey techniques are similar across the country. States with
the greatest decline in mortality are also states with high
initial incidence and mortality from breast cancer due to
well-established demographic features such as older age,
higher socioeconomic status, and higher education level .
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Because mammographic screening reduces mortality by
earlier detection of a cancer with a biologically progressive
disease course in most situations, a reduced rate of
advanced breast cancers in a population is a surrogate for
the success of screening. Here, we analyze the role of the
steady change in tumor size as a result of breast cancer
screening and attempt to demonstrate a temporal and pos-
sible causal relationship between changes in tumor size and
the beginning of the decrease in breast cancer mortality
(that is, the tipping point). The mean maximum diameter of
all breast cancers was about 3.5 cm before 1950, about
3.0 cm in 1968 (just before the introduction of mammog-
raphy), reached about 2.5 cm by 1987, and had a
progressive further decline to less than 2.0 cm by 2006.*~
The median maximum diameter of breast cancer, a better
description of the usual presentation because it eliminates
the bias of the extended “tail” of very large cancers, was
2.5 cm in 1968, 2.0 cm by 1987, and 1.5 cm after 2002.37
Accompanying this overall size decrease, the axillary
lymph node metastatic rate, which was over 60% in the
1950s, usually with multiple node metastases, decreased to
about 50% by 1968, and thereafter progressively declined
to less than 30% by 2006.>~ Equally important was the
progressive decline in the number of lymph node metas-
tases involved in women with invasive breast cancer
through the years, so that now only one node metastasis is
found in about 50% of patients who have regional nodal
metastases, and all nodal metastases are limited to the
excised sentinel nodes in up to two-thirds of patients.®’

With the adoption of limited axillary node sampling by
sentinel node biopsy, smaller volumes of nodal involve-
ment have been recorded as pathologists more rigorously
section and examine the few sentinel nodes submitted
(median # 2), which in turn technically increases the rate of
nodal metastases by up to 20%, a good example of the
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FIG. 1 Annual age-adjusted cancer death rates among women for
selected cancers, United States, 1930-2006. There was essentially no
change in age adjusted mortality observed between 1930 and 1990,
after which a continuing decline in age adjusted mortality has
occurred through 2006 (Reprinted from Jemal A, Siegel R, Xu J,
Ward E, Cancer statistics, 2010. CA: A Cancer Journal for Clinicians,
n/a. doi:10.3322/caac.20073)

“Will Rogers” stage shifting phenomena.® Compared to
earlier axillary dissections where each of the many nodes
submitted (median # 16) were only pathologically sampled
by a single section of each node, sentinel node analysis by
pathologists is more sophisticated, and results in more
frequent, but minor, nodal metastases, frequently only cell
clusters or micrometastases (<2 mm in size).

The third major morphological prognostic factor for
mortality is tumor grade, more often low, or well differ-
entiated, in small, mammographically discovered cancers,
and high, or undifferentiated, in larger palpable breast
cancers.” The proportion of high-grade, poorly differenti-
ated cancers has decreased in heavily screened populations,
and the proportion of low-grade cancers has increased
secondarily through the decrease in size resulting from
detection earlier in their biological evolution.>”’

The tipping point size, with its accompanying decreased
proportion of lymph node metastases and high-grade can-
cers that has led to the onset of mortality decline, can be
estimated at a mean maximum diameter of about 2.5 cm
and a median maximum diameter of about 2.0 cm, which
was achieved after 1987. Thus, temporally, the tipping
point size is related to the onset of the progressive mortality
decline beginning about 1990, about 5 years after the large
increase in mammographic screening of women that
occurred in the 1980s."

Previous decreases in size (and node metastatic rate)
before mammographic screening, from 3.5 cm between
1929 and 1948, to 3.0 cm by 1968, occurred without
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FIG. 2 Female breast cancer mortality rates from 1975 and projected
rate to 2015. In 2007, mortality from breast cancer was down 30.3%
from the 1991 baseline attributed to better ways to detect and treat
breast cancer. The current trend to 2015 shows a 47.9% decrease from
baseline. The latest joinpoint trend (1990-2007) shows a —2.2 annual
percentage change (APC) in age-adjusted rates. Until over 90% of
American women over age 40 are getting annual mammograms, the
potential remains unrealized for a more substantial reduction in breast
cancer mortality. Mortality rates are reported per 100,000 and are age-
adjusted to 2000 U.S. standard population. (Reprinted from American
Cancer Society analysis of female breast cancer (invasive) incidence
rates: 2015 goal—15% reduction. SEER Cancer Statistics Review
1975-2007)

changes in the age-adjusted breast cancer mortality rate.’
The size tipping point inferred from the temporal rela-
tionship between the 2.5-cm mean and 2.0-cm median
maximum diameters and the onset of mortality decline
should be a stimulus not just to achieve these apparent size
break points leading to the onset of mortality decline as
noted, but also to reduce size still further to the median
maximum diameter of about 1.0 cm, which is achieved in
all mammographically discovered invasive breast cancers
with yearly screening, compared to 1.5 cm now recorded
for entire populations."’

A unique demonstration of mortality decline with
screening occurred in the 1970s in Rhode Island, one of the
initial five sites of the Breast Cancer Detection Demon-
stration Project (BCDDP).!? The Rhode Island site was
funded and began in 1974 and lasted for 5 years, the
BCDDP funding duration. In 1978, 4 years after the Rhode
Island BCDDP project started, breast cancer mortality
began to decline, reaching a temporary nadir in 1981. After
funding ended in 1978 and mammography was deempha-
sized nationally because of concerns regarding radiation
and quality of equipment, the Rhode Island mortality rate
returned to baseline by 1985 (Fig. 4). The impact of the 29
eventual nationwide sites of BCDDP was submerged in the
large overall population, whereas in the small state of
Rhode Island, the mortality impact, as noted in the cumu-
lative BCDDP reports, was demonstrated temporally on a
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FIG. 3 Comparison of breast cancer mortality in states with high and bottom four states (ID = 67.3%; OK = 67.7%; MS = 67.8%;

low rates of mammographic screening. Note the more substantial
mortality decline as ranked by the Behavioral Risk Factor Surveil-
lance System (BRFSS) 2006 survey of state mammography use at
least every 2 years in women over 40, comparing the top four states
(MA = 84.8%; RI = 84.5%; DL = 83.7%; CT = 82.0%) to the
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FIG. 4 Impact of screening mammography programs on breast
cancer mortality. Age-standardized female breast cancer mortality
rates for the State of Rhode Island were constructed by SEER-
Stat software, available from the National Cancer Institute (http://
seer.cancer.gov/seerstat/), and based on preloaded death records from
the National Center for Health Statistics. Breast cancer mortality is
reported per 100,000 with running 5-year averages illustrated. Note
the temporary mortality decrease in Rhode Island after 1977 until
1981 (38.2-34.3) after activation of the Rhode Island site (one of the
first 5) of the Breast Cancer Detection Demonstration Project
(BCDDP) in 1974. BCDDP funding ceased in Rhode Island in 1978 at
expiration of the 5-year grant. Mortality then returned to baseline by
1986 (38.3) until 1990 (37.9) followed by the continuing decrease in
mortality that began after 1990 until 2008 (22.3) for a total mortality
decline of 41% (37.9-22.3)

UT = 68.7%). Breast cancer mortality expressed deaths/100,000/
year, and mammography screening expressed as proportion of women
over 40 having a mammogram within 2 years (Graphs prepared by
Jarurat Ousinasawat from data published on http://statecancerprofiles.
cancer.gov)

statewide level. Subsequently, after the later upsurge in
mammographic screening in the 1980s, breast cancer
mortality in Rhode Island again began to decline, but then
continued as mass screening continued.'®

Taken together, the smaller size, decreased node meta-
static rate, and fewer high-grade cancers provide evidence
of an interruption in the progressive biological evolution of
most breast cancer.” The earlier presentation by population
screening that created the tipping point of downward
deflection of breast cancer mortality that is now continuing
at a rate of almost a 2% decrease in age-adjusted mortality
per year in the United States is nothing short of a dramatic
public health achievement." This will probably enable the
American Cancer Society challenge goal of a 50% decline
in mortality by 2015 to be met.'® States and populations
with high mammographic screening rates, as noted, will
undoubtedly exceed that goal. All this is a testament to the
power of the early detection by mammographic screening
of breast cancer that has changed the course of this pro-
gressively evolving cancer in entire populations, states, and
countries.

There is clear evidence, even in the United States Pre-
ventive Services Task Force (USPSTF) models recently
published, that yearly screening is more effective than the
biennial screening they recommended both in mortality
reduction and life years gained.'* In contrast to the “best”
biennial model promoted by the USPSTF, a further 70%
proportional improvement in both mortality reduction and
life years gained by screening was achieved in their model
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of annual age 40 to 84 mammographic screening com-
pared to their recommended biennial screening from 50 to
74.'"* Of great importance, yearly screening reduces the
incidence, size, node metastatic rate, and mortality of
cancers that appear as palpable masses between regularly
screenings (interval cancers) compared to every-other-
year screenings, a factor not acknowledged by the US-
PSTF report but well established in actual patient data,
statistical modeling, and evaluating deaths from breast
cancer.'"'*"!" With screening every 2 years, the 25% of
cancers that are interval cancers are similar to breast
cancers diagnosed before mammography was used.**!!
Just as “yearly” schedules actually occur at about
16-month median intervals, “biennial” screening will
undoubtedly be closer to 30-month intervals as a result of
patient forgetfulness, difficulty booking mammograms,
and other factors.'®"”

Why did the USPSTF deliberately choose a less effec-
tive screening schedule? Their conclusion implied that
resource conservation was more important than maximum
mortality reduction in their calculations. They failed to
point out that the more intense screening—25,000 more
mammograms per 1000 women when comparing annual
(40-84 years) to biennial (50-74 years) screening—might
well be cost neutral when balanced against the extra lives
saved and life-years gained. Twenty-five thousand extra
mammograms per 1000 women at $80 each ($2 million)
might well be offset, in whole or in large part, by the
estimated $50,000 to $100,000 per life saved ($1.1 million
to $2.2 million), calculating that 22 extra lives would be
saved per 1000 women by the 70% proportional increased
mortality reduction. Why the USPSTF deliberately chose a
less effective method of preventing mortality in the most
frequent and most feared cancer of women is a puzzle,
especially as cost considerations may not be a major
adverse factor, although resource allocation is increased.

In conclusion, yearly mammographic screening, which
has been demonstrated to further reduce mortality by
detecting smaller breast cancers and by reducing the inci-
dence of more common and more lethal interval cancers
that occur in every other year (biennial) screening, should
be the standard recommendation for women over 40. The
eventual reduction of breast cancer mortality to less than
5% can be achieved today in women who are regularly
screened at yearly intervals.'” This approximate 5% mor-
tality rate was also achieved in the 1960s among cancers
discovered in the BCDDP screening initiative.'?
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