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o describe the major bologic mechanism hehind mam-
mography’s ability to reduce breast cancer death;

s cxplain the general principals of breast cancer
growlh and spread, and derail how they underlic the
aprimal screening imtervals

o comparce the magnitude of the theoretical life-
sparing potential of mammographic screening with
the acrual benefit now heing achieved by screening.

m Challenge of Breast Cancer Control

We know from the results of the randomized controlled
trails that screening mammography saves lives.” * TTow,
then, can screening be used to achieve its maximal ben-
eht? Overuse will result in additonal biopsies without
the possibility of benefir,® whereas underuse will result
in women dving of breast cancer who might otherwise
have been cured.” During the past few vears, my col-
leagues and I have been collecting data on the rates of
breast cancer growth and spread and on the limits of
mammaographic detectability, and then using this infor-
mation in a computer simulation maodel of breast cancer
growth and spread to caleulate the relation berween
screening imterval and breast cancer survival.™ The ini-
tial results of these studies are promising, "' since they
suggest that great reductions in breast cancer death
might he achicvable by the simple expedient of more
frequent screening. Here are conveyed some of the main
fearure of these findings, leaving aside the mathematical
details, which can be found elsewhere, ™™

®m Current State of Recommendations for the Screening
Interval

The current level of uncertainry as to the hest breast cancer
screening interval 1s reflected in the lack of uniformiry in the
recommendations for the sceeening interval. While the
American Cancer Society (ACS), the American Medical As-
sociation, and ather major organizations recommend an-
nual screening beginning by the age of 40 vears, the MNa-
tional Cancer Institute has recommended screening every 1
to 2 vears. In Canada, Australia, and much of Furope,
screening every other vear is the norm, whereas in Sweden
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screening is recommended every 18 months for wornen age
40t 49 and every 24 months lor women age 30 and older,
In the Unired Kingdom, screening is done every 3 years,
These diverse recommendations have arisen largely iniso-
latiom from any empirical guidance as to the effect of the
screening interval on mammography’s capacity o reduce
breast cancer dearh.

B Breast Cancer Growth

From a number of stodies, particularly those thar have
compared the stee of breast cancers on two consecutive
mammaogtams, it has been found that these tumors proba
hly have a doubling time of abour 130 days."" '* Thus, a
tumnor that is 1 mm™® in size today can be expected to be 2
mm? in 130 days and 4 mm® in 260 days. It is easy to
simulate such growth by computer and to cxamine how
long it should take for a tumor to grow from @ mamimo-
graphically detectable size to a size that is detectable by the
woman herself (Figure 1), In our initial studies,' it was
assumed thar tumors would become detectable by mam-
mography at about 3 mm and by sell-palpation at about 12
mm, Weare now in the process of extracting more procise
estimates of these values, Tnitial results suggest that both
values were slightly underestimated but not so much as to
change the general conclusions of our initial analysis.'” By
combining all this mformartion in a computer simulation of
breast cancer growth, it can be seen that the time thac ic
takes for a umor to grow from the median size at which i
can be detected by mammaography until it can be detected
by palpation is about 18 to 24 months (Figure 1),

H Breast Cancer Spread

Of course, the objective of breast cancer screening is not
to find rumaors ar smaller sizes but to reduce breasr cancer
death. Preventing breast cancer death is best accom-
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Figura 1. Simultaneaus caleulation of breast cancer growth, based an
& doubling ime of 130 days, and the probability of distant metastasis
spread, based on 107% o 10" metastases per cell. Tumor sizes
detectable by screening mammography and detectable in the ab-
sence of screening that are shown here are approximations for
ilusratve purposes. (For details, see Michaelson and colleagues.'™

plished by finding breast cancers hefore they have spread
hevond the breast, when they can still be cured by local
treatment. This too is calculable, by finding the proba-
bility { 1/P) per cell in the primary rumor, of a cell moving
from the breast to the periphery and forming a distane,
lethal metastasis. The value of this probability could be
catimated Irom data that were collecred in two large
studies thar examined the survival of women with breast
cancers of various sizes.” ' Indeed, it appeared that
the value of the probability of spread per cell in the pri-
mary mass is approximarely one distant metastasis per
hillion cells in the primary mass {1/P = 107 merastases
per celll," With this informartion on the value of UP, it
was possible to estimarte the likely number of metastases
that would be given off by tumors of various sizes simply
by multiplyving the number of cells in the tumaor omes 1P,
and from this, to calculare the overall chance of tumor
spread.'” When used in our computer simulation, this
also makes it possible to make simultaneons estimates of
breast cancer growth (see Figure 1, top) and spread (see
Figure 1, bottom). From this, it can be seen thar the
chance of distant lethal spread for the median rumor
detectable by palparion is about 30%,, and the chance of
spread for the median tumor detectable by mammaogra-
phy 15 about 10%. Thus, our analysis has already re-
vealed a fundamenral resul, which tells us why mammo-
graphic screeming works; the rate of breast cancer
srowth, the probability of breast cancer spread. and the
mammographic detectability of breast cancers all have
such fortuitous values thar manmmogeaphy is capable of
finding tumaors not just at smaller sizes but also ar stages
before they have spread bevond the breast, and thus
when they can stll he cured by local treatment,

B Making Quantitative Predictions of Screening's
Capacity to Reduce Breast Cancer Deaths

Of course, not all tumors will be derecrable by mammaog-
raphy at the same size, nor will all tumors have the same
doubling time, but the simulation could take these con-
siderations into account. There will also be a range of
sizes at which breast cancers will become detectable on
clinical grounds, bur the distribution of these values is
also estimable and has been incorporated inco the simu-
lation. These values have heen incorporated into our
simularion to keep it as accurate and realistic a simula-
tion of breast cancer growth, spread, and derecrahility as
possible." When a tumor becomes detectable as a pal-
pable mass by the woman herself between screening ex
aminations and s hrought to the attention of the medical
system, these tumors appear as interval cancers, and the
simularion also takes these mto account. The simulation
was then modificd to provide estimates of the effect of
various screening intervals on the fracdon of women i
the screening population whe will dic of breast cancer.™
A typical result of these calculations is shown in Figore 2,
which encouragingly suggests thar screening mammog-
raphy has the porential to lead to breast cancer survival
rares of berter than 90%, (with a reduction in breasr can-
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Figure 2. Expretad relationship belween the screening interval and
the Traction of women with distant metastatic disease, far women
age 65. For details, see reference 10

cer death of 70% or more in comparison with women
whi are not screencd) if screening is cartied out with
sufficient frequency. '™

B Finding the Most Efficient Ways to Use Screening to
Save Lives

Howe can we use this information to find the best way to
employ screening in the reduction of breast cancer
death? By incorporating data on the age-associated inci-
dence of cancer™ and the number of vears of life thar are
left for women of various ages,”! the computer simula-
tiom could be made o produce estimares of the querage
benefit of screening, in terms of cancer-free vears of life
saved per vedr of hl:_'n:{.‘nil'l;_:,r for various _l;r:ruuning mnter-
vals, and the marginal benefit of screening, the benefit of
the last extra decrease in the screening interval (1able
101" As we shall see, information on the average henehit
15 particularly useful for caleulating the overall savings in
life that can be achieved by screening, whereas informa-
tion on the marginal benefit is helpful for making deci-
sions about how often screening should be carried our.
In Table 1, the simulation estimates of the average and
marginal benefits of screening are shown for women 63
years of age, buc they arc approximately representative
for women aged 40 years and older. As the screening

Table 1. Estimated Consequence of Various Screening
Intervals, as Determined by Computer Simulation, for
Women Aged 65 Years

Screaning Reduction Survival

Interval in Death Rate Average Marginal
Ima) 1) 1%l Benefit* Banafit?
44 344 .0 Eili] 287
16 4.0 BO.2 1m 215
a0 485 B2 13 161
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interval s reduced, the fraction of women surviving
breast cancer goes up, as does the average henefir of
screening in terms of cancer free howrs of life saved, but
the marginal benefit per mammaoegram gradually de-
clines, a process familiarly knows as the law of diminish-
ing returns, We can use this informarion ro estimate ar
whar point it no longer make sense to further decrease
the screening interval. For example, the simulation re-
sults shown in Table 1 reveal that a woman who is
screened every 12 months will be receiving a marginal
benefit of 27 extra cancer-free hours of life per mammeo-
gram, and thus will be getting many more hours of life
from screening than she is loosing every time she goes for
a mammaogram, If, conversely, she chose screening every
3 months, she would be receiving a marginal benefic of
omly abour 1 hour of cancer-lree hours of life, and will be
spending more time @t her last examination than she
would be gaining in cancer-free hours of life fromr the
examination! Clearlv, the best choice would appear ro lie
somewhere in between, A reasonable compromise strat-
egy would appear to he about rwice a vear, which rerurns
a marginal benefit of a bit more than & extra cancer-free
hours of life and an overall average return of a 166 can-
cet-lree hours of life.

Iris not too difficult to use this information to examine
screening not onlv in rerms of a reasonable return for the
amount of time women are spending on screening but
alsoin terms of a reasonable return for how much money
they are spending on screening. Many insurance pro-
grams reimburse screening mammography in the $50 to
S0 range. Again skipping the mathematical details bt
using the approach shown in Table 1, it follows that, for
most women, twice-vearly screening can be accom-
plished for a marginal screening cost (the inverse of the
marginal benefir times the cost per mammogram) of less
than $100,000 per cancer-free vear of life saved and an
average screening cost (the inverse of the average benefit
times the cost per mammogram divided by the number of
mammograms per veary of less than $20,0000 per cancer-
free vear of life saved. ™

B Potential Savings in Life That Might Be Achieved by
Screening

The estimarion method considered so far can be thought of
as an claborate caleularor for taking evervthing we know
ahout the rate of breast cancer growth, the probability of
spread, and the limits of mammographic detectabilivy to
predict the outcome of varions screening usages,'” There
are no “imagined” assumptions m the caleuladons, This,
the resulrs generated can be considered the likely conse-
quences of what we now know about the rares of breast
cancer growth, the probability of breast cancer spread, and
the Timits of the mammoeraphic detectabilivy of breast can-
cer. What do these results mean, in terms of the improve-
ments in breast cancer survival? Perhaps the maost impor:
tant result of the simulations shown in Table 1 15 that
survival rates of 88% or more should he achievable simply
b following the ACS recommendation of prompt annuoal



screening.” Reaching a survival level of 88'% would be an
enormous reduction in brease cancer death in companson
to the current breasr cancer survival rare, which is believed
to be about 35% to 63 %7 Since more than 40,000 dearhs
are caused by breast cancers in the Unired states cach
vear,™" the results of the simularions rranslate into tens of
thousands of lives thar could potentially be saved by
prompt compliance with the annual screening recommen-
dation from age 40 onward, Unformmately, few women are
now following this recommendation, For example, for the
women who use screening ar the Massachuserts General
Hospital, the median age for the first screen 1s 50 years, and
the median rerurn time s 18 months, and many wamen go
2, 3. or more vears before returning,” Furthermaore, it is not
unreasonable ta expect thar screening utilization might be
even lower clsewhere, since Massachusetts has been found
to have the highest sell-reported levels of mammaographic
screening in the United States, ™

m Future Possihilities

Iiring the past several decades, there have been grear
improvements in breast cancer surgery, radiation ther-
apy, and adjuvant chemotherapy,””" bur the resules of
the simulation stadies described carlier suggest thac che
host hope for saving lives lies in screening. Thus, it is the
mammographers who provide screening, and the women
themselves whe atrend screening, who possess the great-
st powet to prevent breast cancer death, The results of
the simulation studies have also shown that while annual
screening should lead to an 88.3% survival rate, twice-
vearly screening might vield breast cancer survival rates
of 90.5% (see Table 1), Alchough ar first glance that
extra 2% may seem to be an umimpressive number, it
translares into more than 3000 additional lives saved in
the 180,000 US waomen found te have breast cancer cach
vear.”" As we have seen, twice-vearly screening is also
justiiable as a ratiomal return on the time and expense
spenil arl :'m:rf'fning. CUII"’E['SE].}'? maore HHHF{-‘H-‘ii-VC BUTLLT-
ing might also lead ro extra false-positives, unnecessary
medical procedures, additional ansdery, and higher med-
ical costs.™* Furthermore, there may be other ways of
reaching grearer reductions in hreast cancer death, such
as efhciently combining screening tools {e.g., mammaog-
raphy plus clinical breast examination, magnetic reso-
nance imaging, ultrasound) or individualizing optimal
screeming intervals based on parenchymal densicy and
histary. These considerations should be measurable and
their consequences examinable by simulation analysis,
but, at the least. the potential benefit of more aggressive
screening raises the question of whether a trial of reice-
vearly screening should be carried oot
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