
Introduction

Although randomized trials have shown that cancer
screening saves lives, they provide little insight into the
magnitude of the reduction in death rates that has been
achieved, or could be achieved, by screening. The reason is
that trials may not reach all individuals in the intervention
group, may not have achieved the optimal screening inter-
val, or may contain some patients in the nontreatment arm
who have chosen to have screening outside of the trial.
Furthermore, the impact of screening during actual prac-
tice may be lower than its impact during a trial, where spe-
cial attention may be paid to compliance. Data on the
actual survival of patients who are using screening are also
very difficult to collect, and thus may frequently be
unavailable. Because at least 15 years are required before
one can reach an accurate measure of lethality, our knowl-
edge of the impact of screening on survival during the
most recent two decades must invariably be incomplete. To
be able to estimate the actual effect of screening on the
cancer death rate, we have developed two methods: (1) a
Computer Simulation Model of Cancer Growth and
Detection, which can estimate the impact of various pat-
terns of screening use, particularly various screening

intervals, on the cancer death rate; and (2) the SizeOnly
Equation, which can estimate the risk of cancer death from
data on tumor size. Here I will review both the application
of these methods to breast carcinoma and the general med-
ical implications of these findings; readers interested in
the mathematical details and data can find them in the
references.

Why Screening Works

Screening is believed to reduce cancer death by bringing
cancers to medical attention at smaller, and thus more sur-
vivable, sizes. Surprisingly, although this idea has been
appreciated for almost a century, there had not been a rigor-
ous explanation for why this results in a lower level of can-
cer death, nor had there been a mathematical way to capture
the relationship between tumor size and risk of cancer death.
We found that a starting point could be made from an appre-
ciation that the main cause of death for many cancers,
including breast carcinoma, is the spread of cancer cells. If
one or more cancer cells has spread to the periphery before
the cancer has been removed by surgery and/or radiation
therapy, then cancer will remain in the body and may give

19

Mammographic Screening: 
Impact on Survival

James S. Michaelson

▲ ▲
Cancer Imaging: Lung and Breast Carcinomas

Copyright © 2008 by Elsevier, Inc.
All rights of reproduction in any form reserved.465

Ch4.19-P370468.qxd  8/24/07  1:56 PM  Page 465



rise to distant, lethal, metastatic disease (Michaelson, 1999;
Michaelson et al., 1999, 2002a, 2005). Consider p as the
probability, for every cell in a tumor of N cells, that a cell
will leave the mass and give rise to distant metastatic dis-
ease. We have been able to develop simple mathematical
expressions for estimating the value of this probability of
spread from data on the survival rates of patients with
tumors of various sizes (Michaelson, 1999; Michaelson
et al., 1999, 2002a, 2005). Surprisingly, these calculations
found that for breast carcinoma, renal cell carcinoma, and
melanoma, the value of p changes as tumors increase in size,
N, such that the relationship between p and N is well fit to a
power function:

p = aNb (1)

where b ~ −2/3 for all three cancers that we have examined,
while the value of a is characteristic of each malignancy. 
A very likely explanation for why the value of p declines
with tumor size in a way that is captured by Eq. (1) is that
as tumors get bigger there are more cells to “push aside”
before a cancer cell can get out. In fact, we have been able
to demonstrate this mathematically (Michaelson et al.,
2005).

As we might imagine, given that p is the probability
that a cell will leave a mass of cancer and give rise to dis-
tant metastatic disease, and N is the number of cells in that
mass of cancer, the overall chance that the mass has given
rise to such a lethal event, L, is roughly p times N. (For
more precise methods of calculating the value of L, see
Michaelson, 1999 and Michaelson et al., 2002a, 2005.)
Because Eq. (1) allows us to estimate the value of p, and
because breast carcinomas have been found to grow expo-
nentially over the sizes that they are seen clinically, this
made it possible to develop a computer simulation that
could recapitulate the simultaneous day-to-day increase in
tumor cell number, N, and lethality, L (Michaelson et al.,
1999, 2001). The results of this computer program
revealed an essential and unobvious feature of breast can-
cer biology: the chance of lethal metastatic disease does
not increase gradually over time, but changes dramatically
over a relatively short period. For example, the simulation
results suggest that while 92% of breast carcinomas of
7 mm are curable by local excision, by 11⁄2 years, when the
tumors have reached 18 mm, only 75% will still be cur-
able, and in an additional 11⁄2 years, having reached 47 mm,
only 33% are curable. This result of the simulation pro-
vides a likely explanation for why mammographic screen-
ing works: the rate of breast carcinoma growth, the
probability of breast cancer spread, and the mammo-
graphic detectability of breast cancers, all have such fortu-
itous values that mammography is capable of finding
tumors just before the point in time when there is an explo-
sive increase in the fraction of cancers incurable by local
treatment.

Cancers Become More Lethal 
as They Increase in Size

We could also use Eq. (1) to derive an expression, which
we have called the SizeOnly Equation (Michaelson et al.,
2002a), for relating tumor size, D, to the risk of cancer
death, L:

L = 1 − e−QDZ
(2)

where e is the exponential constant, Z = 1.33 and Q =
0.0062. The SizeOnly Equation has proven to be remarkably
good at predicting the risk of death for a considerable num-
ber of populations of breast carcinoma patients, as well as
for subpopulations of patients whose tumors were detected
at screening or detected on clinical grounds (Michaelson
et al., 2002a, 2003d). As we shall see, this has proved to be
a very useful tool for gauging the impact of screening from
data on the sizes of the tumors found in women who used or
did not use screening.

Present and Future Life-saving Impact 
of Screening

Only two studies (the Health Insurance Plan of New York
(HIP) and Swedish Two-County Trials) have had the statisti-
cal power to detect the survival difference between women
who are screened and women who are not screened. No tri-
als have as yet compared different usages of screening, such
as different screening intervals. Nor are there likely ever to
be such trials, which would be prohibitively expensive to
carry out and would not yield results for decades. Thus, we
must rely on other methods to estimate the impact of such
various usages of screening, such as various screening inter-
vals, on the reduction in breast cancer death. One such
approach is computer simulation (Michaelson et al., 1999,
2000, 2001; Blanchard et al., 2004, 2006). We saw the core
of our simulation in the “Why Screening Works” section.
However, before this simulation could be used to make use-
ful predictions of the consequences of various usages of
screening, the simulation had to be provided with accurate
information on cancer growth, detection, and lethality. To do
so, we developed new mathematical methods and collected
new data (Michaelson et al., 2001) for estimating the sizes
at which cancers become detectable at screening and on
clinical grounds (Michaelson et al., 2003b), the growth rate
of breast carcinoma (Michaelson et al., 2003c), and the
probability of the spread of cancer cells (Michaelson et al.,
2002a, 2005). The computer simulation was also provided
with data from the U.S. Census and SEER (Surveillance
Epidemiology and End Results) national cancer data repos-
itories on the age-associated incidence of breast carcinoma
(Ries et al., 2000), U.S. life expectancy by age, and age
structure of the U.S. population (Anonymous, 1998). Our
simulation also incorporated information on the costs of
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FIGURE 1.  Simultaneous calculation of breast cancer growth, based upon a doubling time of 130-
days, and the probability of distant metastasis spread,  Shown are the median tumor sizes 
detectable by screening mammography and detectable in the absence of screening.   



screening: both the direct costs associated with screening
itself and the indirect costs, such as those that might arise
from such expenses as biopsies used to rule out cancer in
women with spurious signs that appear at screening. These
cost data were used in the simulation to calculate the
cost/benefit values of screening.

These simulation results revealed that high levels of
breast cancer survival should be achievable if women are
screened with sufficient frequency. For example, the simu-
lation results indicated that for women age 65, breast cancer
survival of > 90% should be achievable if the women utilize
screening at least once a year, and even higher survival lev-
els with more frequent screening. In contrast, screening
every 3 years would appear to achieve a more modest sur-
vival of ~ 85%, while screening every 5 years yields a sur-
vival rate of ~ 75% (see end).

The simulation method made it possible to estimate the
expected survival rates for both individuals and the popula-
tion as a whole (estimated for all women, including those not
using screening). The simulation was also made to provide
values for the benefit of screening, in terms of “Cancer Free
Years of Life Saved” per mammogram or per woman. For
example, the simulation results revealed that the American
Cancer Society recommendation of yearly screening from age
40 should be a highly effective strategy, yielding a popula-
tionwide 88% chance of breast cancer survival, which corre-
sponds to ~ 66% populationwide reduction in death. Less
intensive patterns of screening yielded lower levels of breast
cancer survival. In contrast, the simulation revealed that the
pattern of screening used in the United Kingdom of one mam-
mogram every 36 months from age 50 to age 70 is capable of
achieving only a 12% populationwide reduction in death (end).

Surprisingly, the simulation revealed that there might
even be additional benefit from screening as frequently as
twice a year from age 30. Such a strategy would appear
capable of achieving a populationwide 91% chance of breast
cancer survival, which corresponds to a 74% reduction in
death, in comparison to women who do not use screening.
Using a well-established mathematical technique, the
equimarginal method (Samuelson and Nordhaus, 1998;
Friedman 1990), it could be seen that this was also an effi-
cient usage of screening, reaching the maximal reduction in
death that was practical. Little additional benefit was to be
derived by screening more frequently than twice a year, or
screening women younger than 30. At the other end of the
age spectrum, the simulation found no upper age limit where
women no longer receive benefit. The simulation also
revealed that a biannual screening strategy for women age
30 and older is cost-effective, with a cost of ~ $10,000 for
each cancer-free year of life saved. Most medical procedures
are far more expensive for the years of life that they save
(Tengs et al., 1995). Organ transplant operations may have
costs that reach into the millions of dollars per year of life
saved. Indeed, these calculations tell us that even at this most

intensive usage of screening, mammography remains, after
immunization, one of our cheapest ways of saving lives (see end).

Life-saving Potential of Screening

What do these simulation results mean in terms of the
number of breast cancer deaths that might be prevented by
the optimized use of screening? Reaching the predicted sur-
vival level of 88% by prompt annual attendance screening
from age 40, as predicted by the simulation, would mean an
enormous reduction in breast cancer death because the
current level of breast cancer survival is believed to be
~ 55–70%. Because there are more than 40,000 breast can-
cer deaths in the United States per year, this translates into
tens of thousands of lives saved. The simulation also indi-
cates that twice-yearly screening from age 30 might reach
populationwide breast cancer survival levels of 91%.
Because more than 200,000 women are found to have breast
carcinoma in the United States each year, this translates into
more than 5000 extra lives saved. The simulation results also
indicate that women’s widespread failure to follow the cur-
rent guidelines probably leads to much higher breast cancer
death rates, perhaps two or three times higher, than might be
expected among the few women now using screening 
regularly.

Tumor Size and Survival

A second source of information on the benefit of screen-
ing could be found in data on the sizes of the cancers seen
among women who used, or did not use, screening
(Michaelson et al., 2001, 2002a, 2002b, 2003d). As we have
noted, when such size data are available, the SizeOnly
Equation provides a way to estimate the survival of such
women. A particularly informative data set included infor-
mation on 810 breast carcinoma patients treated at
Massachusetts General Hospital in the 1990s (Michaelson
et al., 2001). Of the 810 cancers, 204 were found clinically
in women who had never used screening, 427 were found by
mammography at screening, and 179 were found as palpable
masses in women who had had a previous negative screen-
ing mammogram (Michaelson et al., 2001). The 179 cancers
detected on clinical ground in women who had had at least
one previous negative mammogram were especially inform-
ative because the time since the previous negative mammo-
gram was known for each patient; 68 of the cancers were
found within a year of the previous mammogram, and 111
were found more than a year afterward. By using tumor
growth data to backcalculate the likely size of each of these
111 cancers, it could be seen that virtually all would have
been too small to have been detected at screening at the time
of the previous mammogram. Thus, almost all of these 111
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FIGURE 2   Scatter plot showing tumor size versus time since the previous negative mammogram for 
tumors found in women with a history of screening.  Also shown are two expected growth curves, one 
of which is for a tumor that would have been 5 mm at the time of the negative mammogram, and other of 

which would have been 12 mm at the time of the negative mammogram, based upon a tumor doubling time 
of 130 days. Tumors above the light curve would have been 12 mm or larger, based upon a tumor doubling 
time of 130 days, when they were missed at the time of the previous negative mammogram, while tumors 

above the wide grey curve would have been 5 mm or larger. (Michaelson et al  2003b)   

   
 

FIGURE 3  Accumulation of the non-mammographically detected cancers found in women with a 
previous negative mammogram (Intervening Cancers).  By dividing the number of these tumors by the 

fraction of women yet to be screened, the rate of appearance of these tumors could be visualized.  Note that 
for approximately the first six months after the negative mammogram, the rate of accumulation appears to 

be reduced  (Michaelson et al  2003c). 
 



clinically detected cancers appeared at larger, and thus more
lethal, size because the women had failed to come back on
time for their annual mammograms. Calculations made with
the Size Only Equation with data on the size of the cancers
seen in the 179 women who had never used screening indi-
cated that these women could expect a 25% breast carci-
noma death rate. Similar calculations made with data on the
size of the cancers seen in the 492 women with cancers
found either at screening (427) or clinically within a year of
the mammogram (68) indicated that these women could
expect a 16% breast carcinoma death rate (Michaelson et al.,
2002a, 2003d). In other words, women who attend screening
regularly can expect to reduce their risk of breast cancer
death by a third, to 16%. Note that the breast carcinoma sur-
vival rate estimated from size data for women who attend
screening regularly, at 84%, agrees closely to the value of
88% estimated by the simulation model stated earlier.

These size data also gave evidence of how the effective-
ness of screening is reduced when women do not return on
time for their annual mammograms (Michaelson et al., 2001,
2002a, 2003d). This can be seen by considering the mixture
of breast carcinomas found at screening together with the pal-
pable cancers found within various periods of time after the
negative mammogram. Such data reveal that the greater the
delay in return to screening, the greater will be the average
size of the cancers in the population. Very few palpable can-
cers are seen within the first 6 months after a negative mam-
mogram, but they begin to appear in considerable numbers
from ~ 6 months onward (Michaelson et al., 2003b, d). By 
~ 9 months, these palpable cancers appear at a regular rate
that continues for many years. We call the period soon after a
mammogram, when few palpable cancers are seen, the “pro-
tective shadow of mammography.” The data on the time
course of the appearance of palpable cancers and the impact
of these cancers on the average size of the cancers in the
screening populations revealed that this protective shadow
lasts only ~ 6 to ~ 9 months (Michaelson et al., 2003b, c).
These size data could also be translated into expectations of
survival for women who used screening at various intervals by
the Size Only Equation. These data suggest that once one year
has passed there is no grace period for return to screening; any
amount of delay in return will increase tumor size and thus the
level of breast carcinoma death.

These size data also provided a means for estimating the
impact of patient age and the density of the breast on the effi-
ciency of detection (Michaelson et al., 2003d). This could be
accomplished by examining the mixture of cancers found at
screening and after screening as palpable masses. These stud-
ies revealed that although the cancers tended to be larger for
women with denser breasts and younger women than for
women with less dense breasts and older women, women of all
ages and density groups who used screening had smaller, and
thus less lethal, cancers than women who did not use screen-
ing. This appeared to be the case even for women as young as

30 years. Thus, these calculations indicate that although
screening is likely to be less effective in women in their thir-
ties than in older women, screening should still be expected to
lead to a reduction in tumor size and lethality in this age group.

False-positives

Screening is not without its negative consequences, par-
ticularly “false-positives” that lead to biopsies and other
medical interventions among women who subsequently are
not found to have cancer. One widely quoted study, by
Elmore et al. (1998), “estimate[d] that among women who
do not have breast cancer, 18.6% will undergo a biopsy after
10 mammograms.” Remarkably, no women in this study had
undergone 10 mammograms. It has long been appreciated
that if a radiologist does not have access to a patient’s previ-
ous mammogram, the patient is at much higher risk for a
false-positive outcome. Thus, populationwide estimates of
the rate of false-positives, such as those provided by Elmore
et al. (1998), are fraught with the confounding influence of
the intermittent use of screening on the overall false-positive
rate. Fortunately, the very large number of women who had
undergone screening at Massachusetts General Hospital
made it possible to examine the false-positive rate among
women who had chosen to use screening with various
degrees of regularity (Michaelson, in press). These studies
revealed that while the overall populationwide rate of false-
positives leading to biopsies and false-positive mammogra-
phy assessments were similar to those found in other studies,
such as those reported by Elmore et al. (1998), much of the
burden of these false-positive events was borne by women
who used screening intermittently. For example, 2.9% of the
women who had a screening examination in 1996 and
received five mammograms over the next 5 years had false-
positives leading to biopsies, while 4.6% of women who uti-
lized only three mammograms over the 5-year period had a
biopsy not revealing cancer. Among women who used
screening regularly, the risk of having a biopsy not revealing
cancer declined to 0.25% per year after several years of
screening, a value that is lower than the risk of these events
among women not using screening. These findings are
reassuring, for they indicate that increased use of screening
should not be expected to lead to increased rates of false-
positives. In fact, the somewhat counterintuitive, but encour-
aging, lesson from these data is that prompt attendance to
mammographic screening actually leads to a reduced occur-
rence of false-positive mammographic results and unneces-
sary biopsies (Michaelson, in press).

How is Screening Actually Used?

The database of women who attended screening at
Massachusetts General Hospital over the past two decades
provided an unusually rich source of information on the
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FIGURE 2.   Properties of the cancers for the women in the screening population: Cancers found at screening plus the cancers found on 
clinical grounds within this length of time (in years) since a previous negative mammogram  (scaled to taken into account the fraction of women 
who return to screening).   For unscaled image of these data, see reference **8.   For the data on the fraction of women who return to screening at 
various points in time after a previous mammogram use to scale these values, see reference*. Average Tumor Size (cm) [black lines, scale on left].  
Expected Death Rate Estimated From Tumor Size Data and the SizeOnly Equation [grey line, scale on right]. (Michaelson et al 2002b) 



patterns of screening, and indeed, made possible detailed
analysis of the patterns of screening use to be carried out to
date (Blanchard et al., 2004; Colbert et al., 2004). These
studies revealed that most women begin screening close to
their fortieth birthday, as recommended, but that prompt
return after that is rare: very few return on time for their sub-
sequent mammograms, and many never return. It is this fail-
ure of women to return promptly for their annual
mammograms that is the critical failure-point in our ability
to use screening to its maximal life-sparing potential.

That most women begin screening near the age recom-
mended could be seen from data on women screened at
Massachusetts General Hospital between 2000 and 2002.
The median age of the women attending the first mammo-
grams was 40.4; 60% of women began screening by age 40,
and almost 90% by age 50 (Colbert et al., 2004). These data
agree with national results. For example, the Behavioral
Risk Factor Surveillance Survey found that by 1997, 85% of
women over the age of 40 report having had at least one
mammogram.

These favorable findings indicating that most women are
beginning screening near their fortieth birthdays were not
seen among specific subpopulations of women, particularly
women of lower socioeconomic status. Thus, while the
median age of first mammogram for women in the popula-
tion as a whole was 40.4 years, the median age of first mam-
mogram was 41.0 for African-American women, 40.3 for
Hispanic women, 41.2 for women without a primary care
physician, 46.6 for women without private health insurance,
49.3 for women who did not speak English, and 55.3 for
women who both lacked private health insurance and spoke
a language other than English (Colbert et al., 2004).

As noted, most women begin screening near their fortieth
birthday as recommended, but most do not come back on
time, or do not come back at all. This failure has very nega-
tive health consequencse. For example, of the women who
had a negative mammogram at Massachusetts General
Hospital in 1992, only 6% had nine more screening mam-
mograms during the next 10 years, whereas 40% of these
women had fewer than five mammograms over the decade
and 18% never returned. The median number of mammo-
grams used during the decade was five, and computer simu-
lation analysis suggests that this degrades the life-sparing
benefit of screening by ~ 50% (Blanchard et al., 2004).
These findings agree with those made in other populations.
For example, Ulcickas-Yood et al. (1999) reported that only
16% of the women who had a mammogram between 1983
and 1993 at the largest HMO in Michigan took advantage of
all five mammograms during the 5-year period following the
index mammogram. Sabogal et al. (2001), using 1992–1998
California Medicare data, found that only 30% of non-HMO
women age 65 and older who utilized screening did so reg-
ularly without missing screening more than 2 years in a row.
Phillips et al. (1998), using several sources of data, found

that while 70% of women age 50–74 have had at least one
mammogram, only 16% have utilized annual screening.

Women from traditionally underserved socioeconomic,
racial, and ethnic groups; women without insurance; and
women who did not speak English were found to be less
likely to return on time, although these associations were
small in magnitude. Women attending their first mammo-
gram or those who had not previously returned promptly for
screening were also less likely to return on time. Women age
55–65 had higher levels of usage than younger or older
women. However, none of the subpopulations of women
sorted by age, race, ethnicity, zip code, income, previous
screening use, or medical history approached either of the
extremes of widespread failure to return or prompt annual
screening over extended periods of time. Although women
who returned on time for the last exam were more likely to
return on time for their next exam, even this correlation was
not particularly strong. These data indicate that it is not the
characteristics of the woman, but the performance of the
system, that is the main reason many women do not return
on time. Issues such as the shortage of screening facilities,
and thus long waiting time for making appointments, no
doubt contribute to the problem. Practical difficulties in
reminding and tracking women would seem to be the likely
reasons many women failed to return on time for their 
mammograms.

As might be expected, women with a prior breast cancer
had a higher degree of screening use than the population as
a whole (Blanchard et al., 2004). However, even among
this group, considerable numbers of women did not return
on time, or indeed at all, for screening. Since annual
screening in this group serves the double purpose of
detecting local recurrence and detecting second breast can-
cers, for which these women are at higher risk, the fact that
utilization is far from ideal in this population is of consid-
erable concern.

Women obtaining their first mammogram were found to
be at particularly high risk for not returning. Indeed, one in
four of such women will never return for a subsequent mam-
mogram (Blanchard et al., 2004).

Present Status of Breast Cancer Screening

Both the computer simulation studies and the studies of
the sizes of the breast carcinomas found among women who
use screening indicate that very high breast carcinoma sur-
vival rates (~ 90%) should be achievable by screening if
women follow the American Cancer Society’s recommenda-
tion of prompt annual screening from age 40. However,
studies of the actual utilization of screening suggest that we
fail to achieve most of the life-saving benefit of screening
principally because most women fail to return on time, or
not at all, for their annual mammograms.
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The simulation studies indicate that even higher survival
rates might be achieved by twice yearly screening from age
30. Such a screening strategy would also appear to be highly
cost-effective. Screening more frequently than twice a year,
or in women younger than age 30, appears to yield very little
additional benefit. The transition from once yearly screening
from age 40, to twice yearly screening from age 30, would
appear to have the potential to save as many as 5000 lives
each year in the United States. It is striking that ~ 5% of the
invasive cancers occur in women younger than 40 (Ries 
et al., 2000). Furthermore, since younger women have many
more years of productive life, the potential loss in years of
life is even greater, with ~ 10% of the potential years of life
that could be lost to breast cancer being located in women
younger than 40. Analysis of the sizes of the cancer seen in
the screening populations of women of various ages
(Michaelson et al., 2003d) also suggests that screening
should be effective in this group, in terms of bringing can-
cer to medical attention at smaller, and thus less lethal, sizes.
As regards the benefit of screening twice a year, it is rele-
vant that the “protective shadow of mammography”—the
time period after a negative mammogram when the rate of
appearance of larger palpable masses is reduced—only lasts
~ 6 months. This provides empirical support for the com-
puter simulation results that indicated that we could expect
benefit by reducing the screening interval to as frequently as
twice a year. Finally, the data do not support concerns that
increasing the frequency of screening will increase the
occurrence of false-positive events; this suggests that
women who attend screening regularly actually have a lower
level of such negative events (Michaelson, in press).

One in four women will attend their first mammogram
and never return again (Blanchard et al., 2004). Clearly, the
screening experience itself is discouraging many women
from receiving the benefit of screening. One year after the
single screening experience, the cancers found among these
women will be just as large and just as lethal as the cancers
found among women who never use screening. The simula-
tion data suggest that this will double the risk of cancer
death among these women.

Many women find mammography unpleasant and stress-
ful. One impressive study found that if women are provided
with a button that controls the compression of the mammog-
raphy paddle, they perceive less pain associated with screen-
ing (Kornguth et al., 1993) Although this study was
published 14 years ago, such a device has yet to become
available commercially. It seems plausible that greater atten-
tion to the human-factors aspect of screening would appear
to have a considerable impact on the reduction in breast can-
cer death by increasing the percentage of women who return.

Among the women who do return, 2, 3, or more years
elapse between visits (Blanchard et al., 2004). Both the sim-
ulation studies, and the studies carried out on the time

course of the appearance of larger palpable cancers after a
negative mammogram, show that there is no grace period for
return to screening. Once a year has passed, women are back
in the same group as women who never use screening, in
terms of the regular rate of appearance of larger, palpable
masses (Michaelson et al., 2003b). Our computer simulation
studies indicate that this alone probably reduces the life-
sparing potential of screening by 50%. A number of studies
have shown that as many as 40% of women who make
appointments for screening examinations will forget to show
up (McCoy et al., 1991; Margolis et al., 1993). It seems
plausible that greater attention to tracking and reminding
women, so as to help them make and then attend their annual
screening examinations, could lead to considerable reduc-
tions in breast cancer death.

Analysis of the actual screening usage pattern among
women who use screening at Massachusetts General Hospital
(Blanchard et al., 2004; Colbert et al., 2004) and elsewhere
(Ulcickas-Yood et al., 1999; Sabogal et al., 2001; Phillips et
al., 1998) indicates that the greatest reduction in breast cancer
death should be achievable simply by finding ways to encour-
age women to return on time for their annual screening mam-
mograms. Most women, perhaps as many as 85%, begin to go
to screening close to their fortieth birthdays. Thus, little is to
be gained from populationwide efforts to encourage entry
into the screening process. Instead, public health efforts
should be focused on those subpopulations of women at high-
est risk for not using screening: women without private insur-
ance, women without a primary care physician, and women
who do not speak English. Most of our efforts to reduce breast
cancer death should be concentrated on finding ways to
encourage women who have already come for a mammogram
to return promptly and repeatedly. 
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For comparison, the cost/year of healthy life gained has been estimated to be US$ 46 249 for renal dialysis and US$ 113 087 for coronary artery bypass surgery in the USA (Schulman et al, 1991).  
 

American society generally accepts treatments as appropriate if they cost less than about $50,000 per quality-adjusted life-year gained. However, the notion of quality-adjusted life-years is complex, explains Dr. Deyo. One would not want 
to give the same credit to a lifesaving treatment that leaves somebody blind for the next 10 years as one that leaves a person with perfect vision for the next 10 years. It is not simple to measure the cost part of the ratio either, further 

complicating the issue of cost-effectiveness. For instance, the charge for direct medical care is not the same as the total care costs for an illness. Finally, there is the issue of opportunity costs. This refers to the fact that if we spend our 
money doing one thing, we cannot spend it for doing something else. For example, if an extra $500 million is spent on bypass surgery, there is $500 million less for prenatal care, cancer screening, or other services. 

See "Cost-effectiveness of primary care," by Dr. Deyo, in the January 2000 Journal of the American Board of Family Practice 13(1), pp. 47-54. 
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