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Principles of Screening
tor Cancer

Russell Harris and Linda S. Kinsinger

person has no recognized signs or symptoms of that con-

dition. The purpose of screening is not to merely detect
a condition, but rather to help people live better or longer.
This is an important distinction: the detection of earlier
disease by itself is insufficient to justify a screening program.
The program must additionally demonstrate that people live
longer or better because of the earlier detection.

A positive screening test result does not indicate that a
person has the condition, but rather that he or she has a
higher probability of having the condition. People with
positive screening tests usually undergo diagnostic testing to
determine whether the condition is present. For example, a
woman with a positive mammogram result does not neces-
sarily have breast cancer, but she may undergo a needle local-
ization biopsy to determine whether she has breast cancer.

Screening is not a single test, but rather a cascade of
events that can lead to either benefits or harms (see The
Cascade of Screening, later in this chapter). Potential benefits
include living better or living longer and are usually experi-
enced some years after screening. Potential harms include the
effects of false-positive or false-negative screening tests and
problems that result from overdiagnosis and overtreatment.
Harms are usually suffered soon after screening.

Because screening programs may lead to either net benefit
or net harm, decision makers must carefully evaluate pro-
posed programs. Eight criteria distinguish effective programs:

Screening is defined as testing for a condition when the

1. Disease: The disease should cause a sufficient burden
of suffering to warrant attention and should have a detectable
preclinical phase of sufficient length to allow early detection
(see The Critical Point in Cancer Treatment, later in this
chapter).

2. Test: The screening test should be sufficiently sensi-
tive to detect those cancers that could benefit from earlier
treatment. Note that the test does not need to be maximally
sensitive but rather “sensitive enough” to detect those
cancers that it is important to detect. Cancers that are impor-
tant to detect are those which are treatable when detected by
screening but not when detected clinically.

3. Test: There are usually many more false-positive
test results than true-positive results. The screening test
should be specific enough to minimize the number of false-
positive test results so as to minimize their negative
consequences.

4. Availability and acceptability: The screening test,
workup, and resultant treatment should be available to all

and acceptable both to clinicians and to the people being
screened.

5. Treatment: There must be a treatment for the disease
that is more effective when applied to screening-detected
cancers than clinically detected cancers. By “more effective,”
we mean that people will live longer or better as a result of
this earlier treatment.

6. Harms of overtreatment: Often earlier detection
includes detection of people with intermediate lesions that
would never progress to invasive cancer. Screening may lead
many people with these lesions to be subjected to treatment
that they do not need and which causes harm. To minimize
harms, people with lesions that will not progress to clinically
important disease should rarely be subjected to potentially
harmful and unnecessary treatment.

7. Benefits and harms: Overall benefits (in terms of people
living longer or better) must outweigh overall harms (includ-
ing harms from the screening test, harms from the workup,
the adverse effects of earlier treatment and overtreatment, the
psychologic effects of labeling, and the downstream effects of
surveillance).

8. Costs: The net health benefits must come at a reason-
able cost.

Screening for cancer is a popular idea, but this popularity may
be based more on intuition than on understanding. Studies
show that the great majority of Americans are convinced that
being screened is part of being a responsible citizen.! What is
less certain is how well the public comprehends the magni-
tude of the potential benefits of cancer screening; even less
certain is whether the public appreciates the magnitude of
the potential harms. Further, one could wonder whether the
public has a reasonable grasp of the gaps in our knowledge of
the effects of screening.

One might argue that whether the public understands
these issues is irrelevant. The fact is that the public has
decided that cancer screening is a good that it desires. We
suggest that there are several important reasons for the public
to better understand screening. The first is that screening con-
sumes resources, such as money and the time of medical per-
sonnel. In a system strapped for resources to appropriately
care for all our people, expending resources on services that
offer little benefit and risk greater harm reduces the contri-
bution medical care can make to the health of the public. The
second reason is that if widespread screening fails to reduce
the rate at which people die of cancer, ultimately the public
will ask why it does not. If the medical care system has not
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informed the public of the limitations of cancer screening as
a strategy to reduce cancer mortality, its credibility will be
damaged. Finally, if the public pins all its hopes for cancer
control on screening, this attitude may inhibit creative new
ideas and research that could develop alternative strategies
for cancer control.

The public needs to have a clear idea of both sides of the
cancer screening coin: benefits and harms. Clinicians must
play a large role in this educational effort. This chapter
attempts to help clinicians better understand these issues so
that they can appropriately advise the public.

The Idea of Cancer and the Idea of Screening

The public’s understanding of how cancer works is central to
its understanding of how screening works and thus to its
strong interest in screening. Especially relevant is the public’s
perception of the development and progression of cancer and
of the degree of homogeneity of cancers with the same name
(e.g., breast cancer) in their malignant potential.

Although the process of cancer development is not
completely understood, it is clear that a normal cell does not
become cancer suddenly, all at once. Rather, cells undergo a
number of assaults over time, with various results.>2 Some of
these assaulted cells develop various abnormal forms, or
“intermediate lesions,” such as cervical intraepithelial neo-
plasia (CIN), colonic polyps, or ductal carcinoma in situ of
the breast (DCIS). Although not cancer themselves, these
intermediate lesions do at times develop into cancer.

As screening frequently detects intermediate lesions,
their natural history is important. If nearly all intermediate
lesions progress to malignant cancer, then early detection and
treatment would appear to be an effective strategy for cancer
control. The detection of intermediate lesions would be a
triumph. By interdicting the developing cancer at this early
point (i.e., even before it can be called a cancer), treatment
could eradicate a lesion that would have caused major health
problems in the years to come.

With many intermediate lesions, however, the majority
(most often, the great majority) never progress to invasive
cancer. Thus, screening often results in detecting and treat-
ing intermediate lesions that do not need to be detected or
treated. If there are any harms to this early detection and
treatment, the magnitude of these harms must be counted
against the magnitude of the benefit. It is doubtful if many
people understand this result of screening, or at least the fre-
quency with which it occurs.

After cancer develops, a critical issue is the extent to
which it uniformly progresses in a linear and inevitable
manner to cause symptoms and death. If cancer is always an
inexorably progressive condition, it is intuitively appealing to
think that early detection is an effective strategy for cancer
control. The experiences of people who have cancer with the
same name (e.g., breast cancer) would vary little; all would be
destined for a difficult death because the cancer had pro-
gressed too far for effective treatment. Again, the facts are
otherwise.

Cancers, even cancers with the same name (e.g., breast
cancer), vary widely in their growth rate and malignant poten-
tial. Studies have found that cancers that vary with respect
to certain cell markers have different prognoses.®* Gene
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expression profiling using DNA microarrays*® has shown the
genetic heterogeneity of individual breast cancers. There is
not one type of breast (or colorectal or prostate) cancer, but
a number of types, each with a different natural history.
Together with the probable but largely unknown ways in
which individual susceptibility varies, these cancer types
produce great variation in the ways a particular cancer is
expressed. Some cancers in certain individuals grow rapidly
and are lethal within a short time, regardless of our best treat-
ments. Screening is unlikely to make a difference for people
with such cancers, which may metastasize from the first cell.

Other cancers with the same name grow more slowly, or
not at all. People with some of these latter cancers may be
greatly helped by early detection and treatment; others have
cancers that do not need to be detected and treated at all. In
some cases, lesions that clearly meet histologic criteria for
cancer do not cause important clinical problems. Experts have
termed this last group pseudodisease, lesions that appear to
be cancer but do not progress to clinically important disease.
It is the existence of this type of cancer, less malignant and
less requiring of treatment, that gives pause to the push for
screening. Here are cancers that do not need to be found early;
some of them do not need to be found at all.

Much of the public has another conception of how cancer
works. The word cancer usually means a condition that uni-
versally and inevitably progresses, a condition that is poten-
tially fatal in every case. The fact that some people have
long-term survival after cancer diagnosis is attributed to some
exceptional characteristic of the individual or to effective
treatment. Intermediate lesions are called premalignant; the
popular conception is that they too inexorably progress to
cause major clinical problems. This incorrect view of the
nature of cancer is an important underlying reason for the
popularity of cancer screening. As people have commented to
the authors, cancer screening “simply makes sense.” Given
this view of cancer, one can understand their thinking.

The Critical Importance of Treatment
Effectiveness in Determining the Benefits
of Screening

The purpose of screening is not simply to detect disease
earlier, but rather to help people live better or longer (i.e.,
improve health outcomes) because of early detection. Thus,
the question we need to ask ourselves in considering a screen-
ing situation is not how many early cancers we find but how
many people avoid poor health outcomes.

Although many people and their clinicians view the
potential benefits of screening as primarily a function of the
accuracy (especially the sensitivity) of a screening test, in fact,
the factor that most commonly limits the benefit from
screening is the treatment. For a screening program to
improve health outcomes, it must include a treatment that
is not only effective but which is more effective if applied
earlier than if applied later. That is, the critical issue with
screening is the timing of treatment. If the treatment is not
effective at any time, obviously screening is not useful. If
treatment is excellent and just as effective for clinically
detected cancer as screening-detected cancer, then again early
detection by screening is not helpful. Screening is only useful
in improving health outcomes when the treatment is effec-
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tive for screening-detected cancer but not clinically detected
cancer.

This treatment criterion for a screening program is often
misunderstood. The important question is this: where in the
natural history of this cancer is the critical point (see follow-
ing discussion) at which a particular treatment becomes
ineffective? Theoretically, at least, many treatments may be
effective when a potentially fatal cancer is only a few cells in
size. As this cancer grows, however, there comes a point at
which treatment is no longer effective in altering its natural
history and helping the person to live better or longer. It is
the location of this critical point, and especially its relation-
ship with the point of detection by the screening test, that
determines the effectiveness of the screening-and-early-treat-
ment program. If the critical point is earlier than the point at
which the cancer can be detected by screening, then screen-
ing cannot be helpful. If the critical point is during the “lead
time” produced by the screening test, then screening will be
helpful. If the treatment is very effective and the critical point
is after the point at which regular, competent medical care
would detect the cancer, then screening is not useful because
treatment after usual clinical detection is as effective as
treatment after screening detection.

When treatment is particularly effective, the critical point
for some potentially fatal cancers may be at a far-advanced
stage. Even very effective treatments may become ineffective
for far-advanced stage cancers. Far advanced stage cancers at
diagnosis may occur in several situations: in people who
neglect their health; in people without access to regular, com-
petent medical care; or in people without understanding that
early signs or symptoms should be evaluated. In the past, for
example, some women presented with breast tumors that
were the size of a lemon or even an orange. It would be diffi-
cult to deny that many such cancers could have been treated
more successfully had they been evaluated at an earlier
stage. Few women present with such advanced tumors now,
at least partly, because most women in this country recog-
nize that breast lumps of any size should be examined by a
physician.

The treatment requirement for a screening program is that
the treatment must be more effective after detection by
screening than after usual clinical detection. It does not
require that the treatment be effective for far-advanced stage
cancers. One does not need to implement a screening program
to prevent the development of far-advanced cancers by
helping people understand that new symptoms and signs
should be reported to one’s physician. This educational effort
is different from screening.

The issue of the effectiveness of treatment at different
points in the natural history of cancer is made more complex
by the marked variation in cancers and individuals, as just
discussed. It is not surprising, for example, that early detec-
tion and treatment rarely reduce mortality by 100%. For
example, in the overviews of the randomized controlled trials
of breast cancer screening, mortality is reduced by less than
20%.% This finding would imply that about 20% of women
destined to die of breast cancer have a type of cancer that is
better treated earlier than later. The other 80% of women des-
tined to die of breast cancer have a type of cancer for which
earlier treatment is not useful. These women may have a par-
ticularly malignant form of cancer in which metastasis occurs
at an early stage, too early to be detected by screening.

Many other women are detected by breast cancer screen-
ing, of course, but these may be women not destined to die
of breast cancer. They may have either a less-malignant form
of the disease for which later treatment is as effective as
earlier treatment or a benign form of cancer that would never
have caused major adverse health outcomes even without
treatment.

The Critical Point in Cancer Treatment

As shown in Figure 12.1, cancer begins as a small number of
cells. If it were possible to detect every cancer at this point,
and accurately distinguish the potentially fatal ones from the
nonfatal, then our treatments would have a high rate of
success. As the cancer grows, however (moving to the right
in the figure), the potentially fatal cancers reach a point at
which they are less effectively treated. This critical point
varies between cancers and within cancers with the same
name. It also varies between treatments. An important
advance in treatment may mean that cancers can be effec-
tively treated at a later stage in their development (i.e., farther
toward the right of the figure).

The relationship of the critical point to the point at which
a screening test can detect a cancer helps determine the
potential benefits of screening. If the critical point is between
points A and B in the figure (i.e., before the screening test can
detect the cancer), then screening with the present test will
not reduce the burden of suffering of the cancer. If the criti-
cal point is between points B and C (i.e., within the detectable
preclinical phase of the cancer), then screening may well be
helpful in reducing mortality and/or morbidity. If the critical
point is to the right of point C in the figure, then the treat-
ment is effective for even advanced cancers, and earlier detec-
tion is not needed.

Sensitivity of the Screening Test:
A Less Important Criterion

In contrast to effective treatment, the sensitivity of the
screening test, that is, its ability to detect early cancer, may
or may not be an important factor in determining the benefit
from a screening program. If a screening test is made more
sensitive (for example, by reducing the cut-point for defining
“abnormal”), it is likely that the test will detect more
cancers. However, if these additional cancers are either more

Found by
Birth Screening Test Death
| T T | |
A B C
Disease Detectable by Detectable by
Begins Screening Test Patient
(symptoms)
Lead-
Time

FIGURE 12.1. Natural history of cancer. Critical Point, point at
which treatment becomes less effective; could be between A and B,
between B and C, or after C.
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benign (and would never cause problems) or more malignant
(and thus have already metastasized), then the extra sensitiv-
ity would not have made a contribution to improving health
outcomes. The operative question is not how many more
cancers are found by a more sensitive test but rather whether
screening has moved detection for at least some potentially
fatal cancers back to a more treatable stage. If this has not
occurred, then the more sensitive test has not been a useful
addition to the screening program. This rationale includes
such strategies as screening more frequently (i.e., reducing the
screening interval), which may increase sensitivity but may
or may not improve health outcomes.

For this reason, the sensitivity of a screening test may not
be related to its ability to improve health outcomes. For
example, screening for cervical cancer with the Pap smear
probably has a fairly low sensitivity,”® yet screening every 3
years apparently reduces cervical cancer mortality by more
than 80%.° Developments in the technology of screening
tests that seek to improve screening programs by increasing
the sensitivity of the screening test may increase sensitivity
without improving health outcomes. Such approaches may
increase the cost of screening without providing additional
health benefit.

Potential Harms of Screening: False-Positive
Results and Overtreatment

It is difficult to understand how finding cancer earlier could
cause harm. In the popular paradigm of cancer being an inex-
orably progressive disease, the idea of harms from screening
makes little sense. It is not difficult to understand why people
report having little concern about being harmed by a screen-
ing test. But in a real world in which not every cancer is an
enemy, most of the intermediate lesions never progress to
invasive cancer, workups and diagnostic tests have side
effects, and cancer treatments can cause suffering of their
own, the possibility of doing harm with screening is easier to
understand.

The Cascade of Screening

Screening is not a single test, but rather a cascade of events
that can result in either benefit or harm (Figure 12.2). The
first step is the screening test itself. Although some diag-
nostic tests can have useful intermediate results, with a
screening test the result is either positive or negative. If a
recommendation for anything other than continued routine
screening comes from the screening test, it is a positive test.
The patient is notified that all is not well and that further
evaluation of some kind is needed.

Typically, with cancer screening, many more people have
a negative screening test than a positive. After a positive test,
further workup is required to determine whether the screen-
ing test is a true positive or a false positive. The workup may
vary depending on the degree of positivity of the screening
test or other circumstances. Some people with false-positive
tests have ongoing anxiety related to the experience of screen-
ing whereas others do not.

People with a true-positive test do not all benefit from
earlier detection of their cancer. These people fall into four
categories. Category 1 includes people with fast-growing,
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FIGURE 12.2. Cascade of screening.
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malignant disease for which treatment is ineffective. These
people do not benefit from earlier detection. Category 2
includes people whose cancer is easily treated regardless of
when it is detected. These people also do not benefit from
earlier detection. Category 3 includes people whose cancer
would never have caused important clinical problems and
does not need to be treated. These people have “pseudodis-
ease” and do not benefit from earlier detection. Category 4
includes people whose cancer is more effectively treated
earlier, after screening detection, than later, after clinical
detection. These are the people who benefit from earlier
detection. Treatment of people from category 3 is overtreat-
ment; any adverse effects from treatment of this group must
be counted as among the harms of screening. This situation
happens frequently because category 3 cancers cannot always
be accurately distinguished from other categories.

We next consider two categories of potential harms from
screening: false-positive screening tests and overtreatment.
Although false-negative tests could also theoretically cause
harm by false reassurance, we know of little evidence to
substantiate this potential harm.

False-Positive Test Results

False-positive screening test results can cause harm both
psychologically and by adverse effects from unnecessary
workups. Although a positive screening test does not mean
that one has the disease in question, it does mean a person
has been placed into a higher risk group than previously. That
is, the risk of having breast cancer is higher among women
with a positive mammogram than among women who have
not yet had a mammogram. The individual may experience
the uncertainty of not knowing whether she has breast
cancer. This occurrence usually causes stress to the individ-
ual involved; any delay in the diagnostic workup adds to the
person’s concern.

The psychologic trauma from a false-positive screening
test can be increased by incomplete resolution of the situa-
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tion. For example, women with an abnormal mammogram
are sometimes asked to return for follow-up mammograms
every 6 months (rather than annually). Similarly, some men
with a high prostate-specific antigen (PSA) value and a nega-
tive prostate biopsy are asked to return in 3 to 6 months for
a second set of biopsies because the cancer may have been
missed in the first set. People who have had benign colonic
polyps removed are sometimes asked to have repeat
colonoscopy at more frequent intervals. Some of these people
may suffer psychologic stress as a result of prolonging the
experience of uncertainty.

Some people who have had seemingly complete resolu-
tion of the false-positive screening test (e.g., a woman with
an abnormal mammogram who had a negative biopsy and was
told she does not have cancer) still have lasting concerns. A
study of women after having a false-positive mammogram
found that many still had lingering doubts that interfered
with sleep or function 6 months after a negative biopsy.'
A recent study found a similar result among men with a
high PSA screening test and a negative biopsy for prostate
cancer."

Because false-positive tests lead to workups without
clinical benefit, any complication from the workup of a false-
positive screening test (e.g., colonic perforation from a
false-positive fecal occult blood test) is also a harm from
screening. Most workups for positive screening tests will be
negative.

Although these psychologic effects and complications
from workups may seem of little consequence when com-
pared with the potential for extending life by screening, the
weighing of these effects on a population level must take into
account that the actual number of false-positive screening
tests is far larger than the number of true-positive tests, and
larger still then the number of true-positive tests that lead to
extended life.

The rate at which a screening test yields false positives is
determined by its specificity. Many screening tests have
specificities above 90%. Although this sounds very high,
specificity in the 90% range guarantees a large number of
false-positive tests. This is because specificity is the percent-
age of all people without the cancer who are classified cor-
rectly as having a negative test; 1-specificity is the percentage
of people without disease who are incorrectly classified as
having cancer (i.e., false positive). In a screening program,
however, the number of people without cancer is very large;
thus, even 10% (or even 5%) of a large number is still a large
number.

In most cases, the number of false-positive screening tests
outnumbers true-positive tests by a factor of from 4:1 (e.g.,
prostate cancer) to 10:1 (e.g., breast cancer) or higher. If we
consider the proportion of people who have at least one false-
positive screening test over a period of years of repeated
screening, the ratio of false-positive to true-positive tests
is even larger. In one study, nearly 50% of women had at
least one abnormal mammogram over 10 years of annual
screening.'>

Because the prevalence of cancer in a screening popula-
tion is low, the number of true-positive tests is usually low.
If, as noted previously (see Figure 12.2), only a fraction of the
true-positive tests lead to extended life, then the number of
people who could, over a period of years, potentially suffer
the harms of a false positive screening test so far outnumbers

the people who may reap the benefits that weighing benefit
and harm overall is not straightforward.

As noted previously, improving the sensitivity of a screen-
ing test may or may not lead to increased benefits from
screening. However, improving the specificity of a screening
test often leads to less harm because there are fewer false-
positive tests. A smaller number of false-positive tests gives
less opportunity for adverse psychologic effects of screening
and for adverse effects of negative workups. Thus, improving
the specificity of screening tests should often be a priority.

For most tests, whether screening or diagnostic, sensitiv-
ity and specificity are inversely related. Thus, increasing the
specificity of a screening test may well reduce the sensitiv-
ity. The optimal screening test, then, may be neither the most
sensitive nor the most specific test, but rather the test (or test
cut-point) that gives the optimal trade-off between benefits
and harms.

Overdiagnosis and Overtreatment

In addition to false-positive tests, harms may also follow from
true-positive tests. Not all people with true-positive screen-
ing tests benefit from the earlier detection of cancer. One can
think of people with true-positive tests as having cancers in
one of four categories.

Category 1: People with an aggressive, malignant cancer may
not benefit from screening because the cancer has already
metastasized before it can be detected. We are learning, in
fact, that some cancers may metastasize within the first
few cell divisions, too early to be the target of screening.

Category 2: Other people with slower-growing cancers may
be highly treatable even after clinical detection. Testicu-
lar cancer may be such a tumor; our treatments are highly
effective without the need of early detection. People with
such cancers do not benefit from screening.

Category 3: Some people may have pseudodisease, cancers
that do not need treatment at all. These people either have
intermediate lesions that would not progress but are still
considered positive tests (e.g., small colonic adenomas) or
have cancer that would not cause clinically important
problems for the person in his/her lifetime. These are
lesions that appear to be cancer but do not act as we think
cancer usually acts. These people cannot benefit from
early detection of their “cancer.”

Category 4: These are people who can benefit from earlier
detection. These people have cancers that are potentially
lethal but which can be treated more effectively because
they were found earlier. In this case, the criterion is met
that the treatment must be more effective if applied after
screening detection than later, after clinical detection.
Usually, this group of true-positive cancers is a minority
of all true positives. The randomized controlled trials of
breast cancer screening, for example, tell us that less than
20% of potentially lethal breast cancers (categories 1 and
4) belong to group 4.

A problem with this formulation, however, is that many
cancers can only be placed in their proper category retro-
spectively. That is, the people in category 3, who do not need
to be detected or treated, are often initially difficult to dis-
tinguish from the other groups. Thus, people in this category
are still treated. An example is men with prostate cancer
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detected by screening. The majority of men with screening-
detected prostate cancer have tumors that are moderately dif-
ferentiated. Some cancers of this type are potentially lethal
whereas others will never cause clinical problems. Because it
is impossible to distinguish these cancers with high confi-
dence at the time of diagnosis, virtually all men with this type
of cancer are treated. This constitutes overdiagnosis, as we
are diagnosing some men with cancer who do not need to be
diagnosed, and overtreatment, as we are treating some men
who do not need treatment.

The fact of overtreatment is undeniable and likely occurs
with many cancers. The most important question is how
often it occurs. Determining the number of people in cate-
gory 3 (the primary group that is affected by overtreatment),
however, is not simple. One can consider the issue in either
of two ways: pathologically or epidemiologically. These
different approaches explain much of the debate about the
frequency of “clinically important” prostate cancers.

The pathologic approach to determining the frequency of
cancers that do not need treatment uses grade and other
cellular prognostic characteristics to determine prognosis at
the time of diagnosis. People who are at risk of overtreatment
have cancers with more benign characteristics. The problem
with this approach is that none of the known prognostic char-
acteristics is able to separate benign from malignant cancers
with a high degree of accuracy. For example, one population-
based study found that from 40% to 70% of men (depending
upon age) with localized Gleason score 7 prostate cancer died
of prostate cancer within 15 years of diagnosis.'® This finding
also means that 30% to 60% of men with this type of cancer
did not die of prostate cancer in that time. As these men were
diagnosed before widespread PSA screening, it is likely that
these survival figures would be higher today, independent
of any changes in the effectiveness of treatment. Thus, the
Gleason score and extent of tumor only give partial informa-
tion about prognosis, and we are uncertain about whether an
individual man will die of prostate cancer.

Another approach is based on the epidemiology of the
cancer. This approach examines such issues as the difference
between incidence and mortality; trends over time; changes
in the effectiveness of treatment; and the lead time produced
by the screening test. Using these assumptions with statisti-
cal modeling, investigators can calculate an approximation of
the proportion of cancers that would not have caused prob-
lems during the person’s lifetime. The problem with this
approach is that it is based on a number of assumptions, at
least some of which may be incorrect.

The best way to calculate the percentage of cancers that
would never become clinically apparent is an analysis of
results from a randomized controlled trial (RCT) of screening,
comparing invited and control groups. If the trial screens
people in the invited group for several years and then stops
screening, the initial increase in incidence usually seen in
the invited group compared with the control group should
gradually decrease after the end of screening, as the cancers
in the control group are detected at a later time. If the cumu-
lative incidence of cancer in the control group never catches
up with the invited group, this is evidence of detection
by screening (in the invited group) of cancers that would
never become clinically apparent. This approach may theo-
retically underestimate the true frequency of overdiagnosis,
however, as it does not count cancers that produce only
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minimal symptoms (but symptoms sufficient to be diagnosed)
in the overdiagnosis category. Although such cancers do
cause some symptoms, they may grow so slowly that they
would never progress to important clinical problems within
the lifetime of the individual. The extent to which such
cancers exist is unknown, but they do not need to be diag-
nosed early.

Overtreatment causes harm in a number of ways. First,
the individual has been labeled as a “cancer patient,” with
likely important consequences for the person’s life. Second,
most cancer treatments have some side effects, some of
which may be long lasting. Thus, in attempting to gain addi-
tional life in the future, people must undergo immediate
harm from treatment. Finally, the large number of people
being treated leads to an exaggerated view by professionals
and the public of the true frequency of the cancer and the
effectiveness of treatment.'* Further, 5-year survival statis-
tics, which improve as more benign cancers are detected and
treated, provide an erroneous overestimate of the efficacy of
treatment (15) (see following discussion), and many “cancer
survivors” are actually people who had either benign-type
cancers (category 2) or pseudodisease (category 3) (see Cancer
Survivors, later in this chapter).

The Fallacy of 5-Year Survival in Indicating the
Effectiveness of a Screening Program

The 5-year survival rate is frequently cited as evidence for the
effectiveness of screening in reducing cancer mortality.
Nearly every cancer has a longer 5-year survival for early-
stage disease than late-stage disease. It should then follow
that finding the cancer at an earlier stage leads to improved
outcomes and lower mortality.

Factors other than the effectiveness of screening,
however, are important determinants of the 5-year survival
rate.'® As survival is defined as the time from diagnosis to
death, it is heavily influenced by early detection, even if death
is not postponed. Thus, improved 5-year survival for early-
stage cancers could simply reflect the stage at which the
cancer is found, with no effect of screening on the natural
history of the cancer.

A second problem with the 5-year survival rate as a
measure of the effectiveness of screening is related to the
heterogeneity of cancers with the same name. Cancers diag-
nosed at an early stage may be pathologically different from
cancers diagnosed at a later stage. Screening may have little
to do with the higher 5-year survival rate for early-stage
cancers: they would have lower malignant potential regard-
less of how (or when) they were detected.

Biases in Cancer Screening

Several biases may lead one to believe that screening is effec-
tive even in situations where it is not. The first of these is
“lead time bias” (Figure 12.3). As shown in the figure, lead
time is the time by which earlier detection advances diagno-
sis. If treatment is ineffective, however (“situation 2” in
Figure 12.3), then the patient will die at the same time he/she
would have without earlier detection (“situation 1”). The
patient’s “survival,” measured from diagnosis, has been
prolonged but the patient has not benefited. Thus, studies
that compare survival between people whose cancers were
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FIGURE 12.3. Lead time bias.

detected by screening with those whose cancer was detected
clinically are flawed. The important issue with screening is
whether there is a “situation 3,” in which people’s lives have
actually been extended. The best study design to avoid this
bias is the randomized controlled trial.

A second bias also may cause people to conclude that
screening is useful when it is not. This bias, termed “length-
biased sampling” (or “length-time bias”), is associated with
the heterogeneity of cancer growth rates and malignant
potential (Figure 12.4). Patients 1 and 4 in the figure have
rapidly progressive tumors that spend relatively little time in
the “detectable preclinical phase” area. As a result, these
cancers are often missed by screening tests. Patients 2 and 3,
however, have slower-growing, less-malignant cancers that
are less likely to be fatal. These cancers spend a longer time
in the detectable preclinical phase area and thus are more
likely to be detected by screening. Thus, length-biased sam-
pling makes us believe that screening is effective because
people with screening-detected cancers do better than people
with clinically detected cancers. Slower-growing and less-
malignant cancers are preferentially detected by screening
programs.

Interestingly, patient 4, whose cancer was detected at a
later age, does not die of his or her cancer, even though the
cancer is faster growing and malignant, because of competing
risks: he or she is more likely to die of another cause at this
older age. Patient 4 is not helped by screening.
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FIGURE 12.4. Length-biased sampling.

Cancer Survivors

The prominence of cancer survivors is a factor in the public’s
strong interest in cancer screening. A number of people who
appear to have been cured of cancer attribute their well-being
to detection of their cancer by screening and resultant early
treatment. Their testimony to the power of screening con-
tributes to the public’s perception that cancer screening is a
responsibility. However, at least some of these people likely
had either an easily treated benign-type cancer (category 2) or
pseudodisease (category 3). Neither of these cancers requires
earlier detection. Easily treated cancers are slower growing
and can be treated as well after clinical detection as after
screening detection. Pseudodisease cancers would never have
caused important problems and thus do not need treatment
at all. Because it is often difficult to distinguish these cancers
at diagnosis from more malignant forms, people who do well
after treatment tend to attribute their well-being to screening
and early detection. Because many of these people choose to
have high public visibility, this creates a bias in favor of the
public’s view that screening is highly effective in reducing
mortality from cancer.

Weighing Benefits and Harms:
Decision Making About Screening

Weighing the benefits and harms of screening programs is dif-
ficult. First, one must determine the presence and magnitude
of the benefits and harms. Benefits seem intuitive, but closer
inspection shows that they are easy to overestimate. Evidence
about the accuracy or yield of screening tests by itself is inad-
equate, as is evidence about the effectiveness of treatment in
people detected clinically. Etiologic data about trends in mor-
tality over time are open to multiple interpretations. To avoid
the strong biases involved, the ideal study design is a ran-
domized controlled trial (RCT) of screening. Even this design,
however, is open to criticism, as has been shown by the
controversy over the breast cancer screening trials.'*!” In the
end, the determination of the benefits of screening depends
on examining evidence from many sources with different
designs, and then considering the relevance of the studies to
the community setting.”® One should consider not only
whether there are benefits, but how many people benefit and
by how much. Judgment is involved in this complex process.

The same process is involved in determining the harms
of screening. This part of the equation is often forgotten: a
screening program is justified if, and only if, the benefits out-
weigh the harms of the program. Even RCTs of screening
often do not report on the adverse effects caused by screening.

After determining the magnitude of benefits and harms,
decision makers need to consider whether one outweighs the
other. A problem is that the benefits and harms are usually
in different metrics. Benefits should be stated in terms of the
estimated number of lives extended in 1,000 people screened
over a given time period. Some have claimed reassurance
from negative screening tests as a benefit, but careful exam-
ination shows that such reassurance is based on questionable
assumptions. The actual reduction in the probability of
cancer after a negative cancer screening test is very small.
Harms should include the number of people in 1,000 screened
with false-positive tests, people who are referred for workups
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and may suffer psychologic distress. Ideally, one should also
estimate the number of people who were overtreated and the
consequences of overtreatment.

Weighing the (usually) small number of lives extended
against the larger number of people with various types of
harms requires a value judgment. What value is placed on the
experience of the people suffering harms and what value is
placed on the people whose lives are extended? Currently, our
culture seems to have decided that even a small number of
lives extended by cancer screening outweighs a larger number
of people having problems with false positives and overtreat-
ment. It is not clear whether this concept will change as the
public becomes more aware of the magnitude of the benefits
and harms from cancer screening.

For many cancer screening decisions, some have sug-
gested that the people undergoing the screening should be
informed of the potential harms as well as the potential bene-
fits and should be involved in the decision.” This approach
is called shared decision making (SDM). Research is currently
exploring ways of making SDM more feasible and effective in
the clinical setting, using decision aids and other decision
support resources.

The benefits and harms of cancer screening usually vary
by age. The incidence and mortality of most cancers usually
associated with screening increase with age. If screening leads
to a constant relative reduction in mortality risk, then the
absolute reduction in risk (i.e., mortality benefit) increases
with age. Thus, younger people with a low probability of
having cancer may receive few benefits and expose them-
selves to important harms by having screening. For example,
women in their forties probably receive some benefit from
mammography screening for breast cancer, but the magnitude
of benefit is small. These women do, however, have a higher
probability of having a false-positive mammogram. Given
this information, some women will choose to have mam-
mography in their forties and some will not. The age at which
the benefits of screening overcome the harms depends on
personal values. In general, however, screening is not offered
to people at a younger age who have a very low probability of
having cancer.

In considering an upper age limit for screening, it is impor-
tant to remember that any life extension from screening does
not occur immediately after screening but rather some years
in the future. Thus, to realize the benefit from screening one
must live a certain period into the future. As people age,
however, the risk of dying of a cause other than cancer
increases. Some older people, then, do not live long enough
to benefit from screening. Clearly, people with a limited life
expectancy have little to gain from screening.

The harms of screening may or may not vary by age. In
some cases (e.g., mammography), the screening test may yield
fewer false positives in older people, thus decreasing the
harms of this finding. In other cases (e.g., PSA for prostate
cancer), the screening test may yield more false positives and
thus potentially increase the probability of harms. Harms
should be carefully considered in every screening decision;
the weight they are given by the patient may vary by age.
Interventions to reduce psychologic harms by educating
people about false positives before screening may be useful
but need more research.

An important decision for people who have decided to be
screened is the frequency of repeat screening. It is unusual to
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have RCT evidence about the relative benefits and harms of
various screening intervals. More commonly, we reason about
this issue with indirect evidence, including our understand-
ing of the natural history of the cancer and measurements of
cancer incidence in people who have waited different times
to be rescreened.

In general, cancer detection is greatest with the first
screening round, the so-called prevalence screen, because
there are more asymptomatic cancers to be detected initially
than on later screening rounds. Cancers detected in a previ-
ous round of screening have been removed from the pool of
remaining asymptomatic cancers. Thus, a short screening
interval will likely find fewer cancers than a longer interval.
The longer the interval, the closer cancer detection will revert
to the initial round.

The balance of benefits and harms from various screening
intervals is more complex. A shorter screening interval
usually means increased sensitivity, but specificity may be
reduced. In deciding the most appropriate screening interval,
one must consider the trade-offs between finding all appro-
priate cancers (i.e., increased sensitivity) and increasing the
rate of harms related to false positives.

The value of cancer screening after previously negative
screening tests is uncertain and needs further study. It is pos-
sible that various results from previous screening tests (e.g.,
men with very low PSA values or women with benign types
of parenchymal findings on a mammogram) may be markers
of people at decreased risk of developing cancer. These
markers may help us define a group of people who do not need
further screening, thus allowing us to target screening to
people who have the greatest possibility of benefit. If by defin-
ing a low-risk population (rather than a high-risk population)
we could reduce the number of people requiring screening
(thus reducing costs and potential false positives and
overtreatment), the balance between the benefits and harms
of screening could be improved.

The Costs and Cost-Effectiveness of Screening

Even after gathering the evidence about the benefits and
harms of screening, policy makers must still ask the question
of whether the net benefits are worth the costs and resource
utilization. It may be, for example, that annual abdominal
computed tomography (CT) scans detect unsuspected cancers
of several types and even sometimes extend a life. But the
costs of such a strategy (leaving aside the likely harms for the
large number of false positives) may be prohibitive. In other
words, the benefits may not be worth the cost.

Opportunity costs are also important. That is, if clinicians
spend large amounts of time discussing cancer screening that
has little probability of benefit, this may take away from time
that could be used, for example, to counsel people about stop-
ping tobacco use, or spending more time on SDM for poten-
tially beneficial cancer screening.

Cancer Screening Examples

To illustrate these principles, we have included examples of
screening from four different cancers (cervical, prostate,
breast, and colorectal) among those most commonly consid-
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ered for screening. In each case, there is the clear potential
for benefits and harms. In each case, the benefits are not large
in an absolute sense, whereas the harms are not inconse-
quential. Rational people may decide to have or not to have
screening for these cancers based on the same understanding
of the evidence. It is important for the public to come to a
better understanding of the potential benefits and harms of
cancer screening.

Example of Cervical Cancer Screening

INCIDENCE AND MORTALITY

In 2004, an estimated 10,520 new cases of and 3,900 deaths
from invasive cervical cancer were expected.”® In 2000, the
age-adjusted incidence rate in nine Surveillance, Epidemiol-
ogy, and End Results Program (SEER) registries was 8 per
100,000 women; the age-adjusted mortality rate was 3 per
100,000.>' From 1950 to 1970, the incidence and mortality
rates of invasive cervical cancer fell impressively by more
than 70%. From 1970 to 2000, the rates continued to decrease
by more than 40%.2* This trend has been attributed largely to
screening with the Papanicolaou (Pap) test.

SCREENING TESTS

The Pap test, the standard screening test for cervical cancer,
has never been studied in an RCT. A large body of consistent
observational data, however, supports its effectiveness in
reducing mortality from cervical cancer. Both incidence and
mortality from cervical cancer have sharply decreased in a
number of large populations following the introduction of
well-run screening programs.”?¢ Reductions in cervical
cancer incidence and mortality were proportional to the
intensity of screening.?>*’

Case-control studies have found that the risk of develop-
ing invasive cervical cancer is 3 to 10 times greater in women
who have not been screened.?®3? Risk also increases with
longer duration following the last normal Pap test, or simi-
larly, with decreasing frequency of screening.®**** Screening
every 2 to 3 years, however, has not been found to increase
significantly the risk of finding invasive cervical cancer above
the risk expected with annual screening.®**

The precise sensitivity and specificity of Pap tests has
been difficult to determine because of the methodological
limitations of studies.’® Studies that compare the Pap test
with repeat Pap testing have found that the sensitivity of any
abnormality on a single test for detecting high-grade lesions
is 55% to 80%.”* Because of the usual slow-growing nature
of cervical cancer, the sensitivity of a program of regular Pap
testing is likely higher.

Specificity of the Pap test is probably above 90%; it
seldom categorizes a woman without any degree of cervical
intraepithelial neoplasia (CIN) as having anything more
than a mild cytologic abnormality. Specificity is lower,
however, for women with mild, clinically unimportant
degrees of dysplasia, who are often categorized as having
cytologic abnormalities that require further testing and even
treatment. Women with such cytologic findings as atypical
squamous cells of undetermined significance (ASCUS) are
often shown on further evaluation to have neither severe
dysplasia nor invasive cancer. If these women are counted

as false positives, then specificity will be calculated as
lower.’

Newer techniques that employ liquid-based cytology
(e.g., ThinPrep) have been developed to improve the sen-
sitivity of screening. As with the Pap test, the optimal studies
to determine the sensitivity and specificity of these tech-
nologies have not been done. Some less than optimal studies
show that sensitivity is modestly higher for detecting any
degree of CIN, with modestly lower specificity.®** One
careful study, however, showed that conventional Pap testing
was slightly more sensitive and specific than liquid-based
cytology.®

The evidence is also mixed about whether liquid-based
techniques improve rates of test adequacy.’’*® One advantage
of liquid-based cytology is that human papillomavirus (HPV)
testing can be done on the same preparation; one disadvan-
tage is that liquid-based approaches are more expensive than
conventional Pap testing. No study has examined whether
liquid-based cytology actually reduces the number of women
dying of cervical cancer compared with conventional Pap
testing.

RATIONALE FOR SCREENING

Invasive squamous carcinoma of the cervix results from the
progression of preinvasive precursor lesions called cervical
intraepithelial neoplasia (CIN), or dysplasia. Not all these
lesions progress to invasive cancer; many mild and moderate
lesions regress. The rate at which invasive cancer develops
from CIN is usually slow, measured in years and perhaps
decades.® This long natural history provides the opportunity
for screening to effectively detect this process during the
preinvasive phase, thus allowing early treatment and cure.
Because many of these preinvasive lesions (especially low-
grade lesions) would have never progressed to invasive
cancer,*'™ screening also runs the risk of leading to treatment
of women who do not need to be treated. This approach leads
to harms of screening by overtreatment.

The leading etiologic factor in the development of prein-
vasive and invasive cervical cancer is infection with specific
types of HPV transmitted by sexual contact. Thus, women
who are not sexually active rarely develop cervical cancer,
whereas sexual activity at an early age with multiple sexual
partners is a strong risk factor. About 95% of women with
invasive cervical cancer have evidence of HPV infection.**
Many women with HPV infection, however, never develop
cervical cancer; thus, this infection is necessary but not
sufficient for the development of cancer.*

HARrRMS OF SCREENING

The major potential harm of screening for cervical cancer lies
in the detection of many lesions [such as most cases of low-
grade squamous intraepithelial lesions (LSIL)] that would
never progress to cervical cancer. Women with abnormal LSIL
or high-grade squamous intraepithelial lesions (HSIL) on Pap
testing are usually referred for colposcopy and treated with
cryotherapy or loop electrosurgical excision procedure (LEEP),
which permanently alters the cervix and has unknown fer-
tility and pregnancy consequences. As younger women have
the highest incidence of acquisition of HPV and LSIL, they
are disproportionately at risk of receiving intervention for a
condition that often spontaneously resolves.
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The cost of newer screening methods is also problematic.
A cost-effectiveness analysis found little effect on life
expectancy with the new technologies when used for annual
screening.” They may be more cost-effective when used on a
less frequent (e.g., every 3 years) basis.

BALANCE OF BENEFITS AND HARMS

Based on an analysis of screening records from nearly 350,000
women in Bristol, England, investigators projected that 1,000
women would need to be screened for cervical cancer for 35
years to prevent 1 death from the disease.’® For each death
prevented, the authors estimated that more than 150 women
have an abnormal result, more than 80 are referred for inves-
tigation, and more than 50 receive treatment.

Annually in the United States, 50 million women undergo
screening; about 3.5 million (7%) will be referred for further
evaluation. Of these, more than 2 million will be referred for
further evaluation of atypical squamous cells of undeter-
mined significance (ASCUS).>" Fewer than 11,000 cases of
invasive cervical cancer were expected in 2004. Thus, Pap test
screening results in a large number of colposcopies for benign
conditions. Strategies to improve the specificity of the
cervical cytopathology test are being evaluated by the
ASCUS/LSIL Triage Study (ALTS).** Improved specificity,
even at the cost of sensitivity, will likely improve the balance
between benefits and harms, given the large burden of false
positives, abnormalities that do not represent risk for inva-
sive cancer or death.

Improved cervical cancer screening practices may also
favor a more positive benefit-to-harm balance. Such practices
include not screening women who have had hysterectomies
(with removal of the cervix) for benign disease. More than
one-third of U.S. women have had hysterectomies by age 65,
more than 90% of which are done for noncancer indications.*
These women rarely have important abnormalities on Pap
testing.***® In addition, continued Pap test screening for
women over age 65 who previously have had regular cervical
cancer screening with normal test results provides little
benefit. The risk of cervical cancer and yield of screening
decline steadily through middle age.’® The majority of older
women who are found to have invasive cervical cancer have
not been screened recently, if at all.® Thus, the focus of cer-
vical cancer screening practices should be on finding and
screening women at increased risk because of inadequate past
screening rather than continuing to screen women at low
risk.

Example of Prostate Cancer Screening

INCIDENCE AND MORTALITY

The American Cancer Society estimated that, in 2004,
230,110 men would be diagnosed with prostate cancer; 29,900
men would die of this disease.’® The age-adjusted prostate
cancer incidence in nine Surveillance, Epidemiology, and End
Results (SEER) registries between 1996 and 2000 was about
173 per 100,000 men.?! The mortality during that period was
about 33 per 100,000 men. The probability at birth of being
diagnosed with prostate cancer by age 80 is about 14%; the
probability at birth of dying of this disease by age 80 is about
1.26%.>> The difference between prostate cancer incidence
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and mortality is one of largest for any cancer; this difference
increased greatly after PSA screening became widespread.
This is a strong indication that at least some prostate cancers
now detected by screening would never become clinically
important.

The incidence of prostate cancer increased dramatically
after the beginning of PSA screening in the late 1980s and
then stabilized in the later 1990s. Mortality from prostate
cancer decreased after about 1992, a total reduction of about
20% by 2000. Screening is one of several possible interpreta-
tions of this reduction in mortality.*’

SCREENING TESTS

The two most common screening tests for prostate cancer are
prostate-specific antigen (PSA) and digital rectal exam (DRE).
No well-conducted RCT of prostate cancer screening has been
completed; two large studies are under way.

Because of the uncertainty about which prostate cancers
are clinically important, the sensitivity and specificity of
screening is difficult to determine. DRE detects fewer cancers
than PSA. Various approaches have been suggested for
increasing the sensitivity and specificity of screening, but
whether these approaches improve detection of clinically
important cancers and reduce detection of unimportant
cancers is unknown.*

RATIONALE FOR SCREENING

Because of the absence of clear evidence that screening
reduces mortality from prostate cancer, the rationale for
screening is not established. However, many men are still
being screened.”® Many believe that the ecologic evidence
(showing a reduction in mortality after the start of PSA
screening) justifies screening; others find that screening has a
strong intuitive appeal.

A single well-conducted RCT compared radical prostatec-
tomy and watchful waiting in men with clinically detected
prostate cancer.®® After 8 years, fewer men in the prostatec-
tomy group had died of prostate cancer [13.6% versus 7.1%;
absolute difference, 6.6% (2.1%-11.1%]]. The groups did not
differ in all-cause mortality. As the cancers in this study were
more advanced than those usually detected by screening PSA,
this study does not provide adequate evidence about the effec-
tiveness of screening.

HARMS OF SCREENING

Two major sources of the harms of prostate cancer screening
are false positives and overdiagnosis and overtreatment.
False-positive tests are common. On the initial screening
round, from 5% to 27% of men (depending on age) have a PSA
greater than 4.0 (the traditional cut-point); about 30% of these
men will have prostate cancer diagnosed by biopsy.”” A
problem for men with a negative biopsy is that biopsies often
miss some prostate cancers; thus, even a negative biopsy does
not assure a man that he does not have cancer,® and this
uncertainty could increase anxiety.

The frequency of overdiagnosis and overtreatment of
prostate cancer caused by screening is uncertain. Surveillance
data show a large increase in the number of new cases of pros-
tate cancer, with only a small absolute reduction in mortal-
ity, after the introduction of PSA screening in the late 1980s.
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If, as seems likely, most of the new cases detected would
never have been fatal, then more than half of screening-
detected prostate cancers do not require major treatment.

Although a small percentage of prostate cancers have his-
tologic characteristics that reliably predict either a very small
or a very large malignant potential, most prostate cancers
have intermediate histology, leaving us uncertain about the
likely prognosis. Because of the inability to determine prog-
nosis from clinical and histologic data, most men under age
70 years receive aggressive treatment: either radical prostatec-
tomy or radiation therapy. These treatments have important
adverse effects, including impotence and incontinence, for
some 50% of men being treated.”” Thus, if there are a sub-
stantial number of men who do not need treatment but
receive it, many of them will be harmed unnecessarily. The
exact magnitude of this problem is uncertain, but it may be
quite large.

BALANCE OF BENEFITS AND HARMS

For screening for prostate cancer, the benefits are not clear
whereas the harms are very clear. Thus, the net balance
between the two is currently impossible to determine. Given
this information, some men will choose to have screening
while others will choose not to be screened. Several profes-
sional associations and expert groups recommend shared deci-
sion making (SDM), informing men of the pros and cons of
screening and encouraging them to participate in the decision
about whether to be screened.®>*’

Example of Breast Cancer Screening

INCIDENCE AND MORTALITY

The American Cancer Society estimated that, in 2004,
215,990 women would be newly diagnosed with breast
cancer; 40,110 would die of this disease.’® About 59,390
women will be diagnosed with carcinoma in situ of the breast,
primarily by mammography.”® From 1996 to 2000, the age-
adjusted incidence in nine Surveillance, Epidemiology, and
End Results (SEER) registries was about 137 per 100,000
women; the age-adjusted mortality during this period was
about 28 per 100,000.* The probability at birth of being diag-
nosed with breast cancer in 80 years of life is about 11%; the
probability at birth of dying of breast cancer by age 80 is about
2.%.* Breast cancer incidence for all women increased from
1980 to 2000, although the increase slowed considerably in
the late 1990s. Between 1990 and 2000, breast cancer mor-
tality for all women decreased by about 2.3 % per year.”>® The
reasons for this decrease are not clear and may be due to a
combination of screening and improved treatment.®

SCREENING TESTS

Three primary tests are currently in use for breast cancer
screening. Although still controversial, the overall evidence
shows that mammography results in a reduction in breast
cancer mortality by less than 20%.° Indirect evidence sug-
gests that clinical breast examination (CBE), when well con-
ducted, may also lead to a small reduction in mortality, but
uncertainty about this remains.”%”! Breast self-examination
(BSE) has been shown in a large RCT to be ineffective in
reducing mortality.”

The accuracy of mammography depends on a number of
factors. One large prospective cohort study of 329,495 women
of ages 40 to 89 years from seven population-based mam-
mography registries found sensitivity ranged from 62.9% in
women with dense breasts to 87% in women with fatty
breasts. Specificity ranged from 89.1% in women with dense
breasts to 96.9% in women with fatty breasts.”

The accuracy of mammography varies among radiologists
and among countries.”*”® In general, North American radiol-
ogists tend to interpret a higher percentage of mammograms
as positive than radiologists in other countries, without
evident additional benefit. In one study of community radi-
ologists in New England, false-positive rates ranged from
2.6% to 15.9%.”° The accuracy of CBE also varies widely
among clinicians.”

Newer approaches to breast cancer screening are being
studied, targeted especially to increasing sensitivity.*® Inter-
estingly, although earlier mammography from the 1970s and
1980s was certainly less sensitive than present-day mam-
mography, the Health Insurance Project (HIP) study from this
era found a similar reduction in breast cancer mortality as
more recent studies.®"*? Thus, it is not clear whether increas-
ing sensitivity will provide additional reduction in breast
cancer mortality.

RATIONALE FOR SCREENING

The primary rationale for screening comes from the RCTs of
screening that have been conducted over the past 30 years.!”
Although the overall evidence suggests that breast cancer
mortality is reduced by mammographic screening, the reduc-
tion is less than 20%°¢ this means that 80% of the women
who have potentially fatal cancers are not helped by screen-
ing and earlier treatment. Clearly, some breast cancers are
aggressive and metastasize before they can be detected by
mammography. Some, however, respond better to earlier
treatment than to later, thus reducing mortality.

Given the relatively low reduction in mortality from
breast cancer from screening, the absolute number of women
whose lives would be extended is small. From one to two
women in their forties and from two to six women in their
fifties and sixties would have their lives extended by screen-
ing annually for 10 years.®

HARMS OF SCREENING

The two major potential harms of screening for breast cancer
are false-positive tests and overtreatment of ductal carcinoma
in situ (DCIS). One study estimated that 49% of women
would have at least one false-positive mammogram after 10
rounds of screening; almost 19% would undergo a biopsy as
a result of the false positive.'” False-positive mammograms
sometimes lead to a recommendation of a short-interval
follow-up (e.g.,, 6 months rather than a year), despite the
evidence that such a policy rarely leads to increased cancer
detection.® False-positive mammograms do lead to increased
anxiety, both in the short run and after 6 to 12 months, for
some women.'%5¢

Ductal carcinoma in situ (DCIS) is a heterogeneous inter-
mediate lesion with an uncertain prognosis. This lesion was
rare before screening mammography but has increased dra-
matically as the number of women undergoing mammograms
has increased. About 1 in 1300 mammograms detects DCIS;
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from 16% to 28% of all breast “cancers” are DCIS.*” Proba-
bly less than 50% of untreated women with DCIS ever
develop invasive breast cancer.’®*° Treatment is often surgi-
cal; some women have mastectomy whereas others have
breast conservation surgery. Few women treated for DCIS
eventually die of breast cancer.”

Because DCIS is so common (an estimated 59,000 cases
in 2004)' and because its prognosis is so uncertain, many
women undergo unnecessary surgery because of its diagnosis.
This is an important area of overtreatment. One modeling
study found that detection of DCIS plays a minor role in the
reduction in breast cancer mortality from screening.”

BALANCE OF BENEFITS AND HARMS

Screening for breast cancer is an important example of the
trade-offs involved in the decision to be screened. On the one
hand, screening likely does extend some women’s lives. On
the other hand, screening also leads to many women having
workups for false-positive screening tests, and other women
having treatment for DCIS, a lesion that would never develop
into invasive breast cancer for many women. It is important
for women to understand these trade-offs; women should be
offered the opportunity to participate in the decision about
screening.

Improving screening programs should seek not only to
improve sensitivity. Improved sensitivity may or may not
further reduce mortality. Improved specificity should also be
a priority. If the number of women with false-positive tests
can be reduced, potential harms could be decreased, thus
improving the balance between benefits and harms.

Another way of improving breast cancer screening pro-
grams would involve finding ways of determining which
women with DCIS are truly at risk of invasive cancer, allow-
ing some women to avoid unnecessary surgery.

Example of Colorectal Cancer Screening

INCIDENCE AND MORTALITY

In 2004, an estimated 146,940 new cases of and 56,730 deaths
from colon and rectal cancers were expected.”’ Colorectal
cancer (CRC) is the third leading cause of new cancer cases
(11% of all new cases) and cancer deaths (10% of all cancer
deaths) in both men and women.? In 2000, the age-adjusted
incidence rate in nine Surveillance, Epidemiology, and End
Results Program (SEER) registries was 55 per 100,000; the age-
adjusted mortality rate was 21 per 100,000.*' The lifetime risk
from birth of being diagnosed with CRC is about 6%; the life-
time risk of dying from CRC is about 2%. Thus, about 1 in
3 people who develop CRC die of this disease. Between 1992
and 2001, mortality from CRC declined by 1.8% per year™
and incidence declined by 0.8% annually in the United
States.” The early detection and removal of precancerous
colorectal polyps may have contributed to the decline in CRC
incidence and mortality.”®

SCREENING TESTS

The major screening tests currently available for CRC
screening are the fecal occult blood test, sigmoidoscopy,
colonoscopy, and double-contrast barium enema. These tests
are used to identify precancerous or cancerous lesions in the
colon and rectum. No one screening strategy has been shown
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to be superior to the others, although they differ in regard to
accuracy, effectiveness, and potential harms.

Fecal occult blood testing (FOBT) has been examined in
three RCTs involving more than 250,000 people followed for
up to 18 years.’®”” All three trials found a reduction in CRC
mortality from 15% to 33%, with an absolute risk reduction
for CRC deaths ranging from 0.8 per 1000 with biennial
screening in the United Kingdom over 8 years of follow-up®®
to 4.6 per 1000 with annual screening in Minnesota during
18 years of follow-up.”” The Minnesota study also noted a
17% to 20% decrease in incidence of CRC.*” The sensitivity
of a single test is approximately 30% to 50%, with a speci-
ficity of 90% to 98%, depending on how the test is done. Fecal
occult blood tests find about 25% to 50% of patients with
colorectal cancer, but only 2% of patients with a positive test
had cancer in the Minnesota trial.

The effectiveness of sigmoidoscopy to reduce CRC deaths
has been examined in three well-designed case-control
studies.'® ' These studies showed a mortality reduction of
60% to 80%.”” In a small, randomized trial of sigmoidoscopy,
in which persons with polyps were followed up with
colonoscopy, the incidence of colorectal cancer was decreased
by 80% but no decrease in mortality was found.'® Using full
examination of the colon as the “gold standard,” sigmoi-
doscopy has been found to identify 70% to 80% of patients
with advanced adenomas or cancer.'®'® The sensitivity and
specificity of sigmoidoscopy are difficult to determine,
because all visible polyps are typically removed, many of
which may have little to no malignant potential.

The ability of screening colonoscopy to reduce colorectal
cancer morbidity or mortality has not been directly studied
to date. Data from studies of other modalities have been
extrapolated to support the effectiveness of colonoscopy.
Because it is often used as the gold standard, determining its
sensitivity and specificity has been difficult. A recent study
by Pickhardt et al., comparing optical colonoscopy with CT
virtual colonoscopy,'® in which 1,233 patients underwent
both procedures, found the sensitivity of optical colonoscopy
for adenomatous polyps to be 88% to 92%, depending on the
size of the polyps. As with sigmoidoscopy, the natural history
of many polyps found on colonoscopic examination is not
known; thus, the potential for identifying false positives must
be considered.

No screening studies of double-contrast barium enema
with a mortality outcome have been published; thus, the
accuracy and effectiveness of this procedure are unknown.*
Its sensitivity is likely lower than that of endoscopic proce-
dures, but if it misses primarily polyps that are small and not
likely to progress to invasive cancer, its effectiveness for
screening may be adequate.

RATIONALE FOR SCREENING

A variety of different types of polyps occur in the colon and
rectum. Hyperplastic polyps are the most common of those
that have little potential for becoming malignant. They
cannot be distinguished visually from adenomatous polyps,
so biopsy is required for diagnosis. Whether the presence of
distal hyperplastic polyps increases the risk of proximal
neoplastic polyps is uncertain.'” A systematic review of 18
studies'™ estimated a 21% to 25% risk for any proximal
neoplasia in patients with a distal hyperplastic polyp, includ-
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ing a 4% to 5% risk of an advanced neoplasm (cancer or polyp
with severe dysplasia or villous histology). In 4 of the studies
in which colonoscopy was performed regardless of distal
findings, however, the relative risk of finding any proximal
neoplasia was 1.3 (95% confidence interval, 0.9-1.8).

Two-thirds of all colonic polyps are adenomatous, which
are defined as dysplastic and thus have malignant potential.
Most colorectal cancers arise from adenomatous polyps.
Some proportion of these grow from small (less than 5mm)
to large (greater than 1.0 cm) to cancer, generally over a period
of 10 years or longer. The proportion that makes this transi-
tion is thought to be small; adenomatous polyps occur in 30%
to 40% of adults over the age of 50, but the risk of develop-
ing colorectal cancer is only about 6%.'” However, removal
of adenomatous polyps is associated with a reduced risk of
colorectal cancer incidence and mortality.

HARMS OF SCREENING

The harms of screening for colorectal cancer include the risk
of the screening tests themselves, the risks of the subsequent
workup from positive screening tests, the potential for false-
negative screening results, and the potential for overdiagno-
sis and treatment of lesions that would not have become
malignant over the person’s lifetime. No direct adverse effects
of FOBT exist (other than the inconvenience and some
patients’ distaste for performing the test). Both sigmoidoscopy
and colonoscopy are associated with low risks for major com-
plications, including bleeding and perforation of the colon
during the examination. A large population-based study of
Medicare beneficiaries aged 65 and older found perforation
rates of nearly 1 per 1,000 for sigmoidoscopy and 2 per 1,000
for colonoscopy.'” The risk of death following colonic perfo-
ration was 52 to 65 per 1,000 perforations.

Fecal occult blood tests may miss small adenomas, as
these lesions frequently do not bleed. Whether that represents
a true negative or a false negative is uncertain, as these small
adenomas may not be likely to develop into neoplastic
lesions. Even though some consider colonoscopy to be the
optimal examination of the colon and rectum for detection of
precancerous and cancerous lesions, studies have shown that
significant lesions (i.e., those larger than 1 cm) may be missed.
The Pickhardt study comparing virtual with optical
colonoscopy found that virtual colonoscopy missed 5 of 59
advanced neoplasms (defined as adenomatous polyps 10mm
or more in diameter or demonstrating high-grade dysplasia,
villous changes, or cancer) and optical colonoscopy missed 7
of the 59 lesions.'%

The risk of overdiagnosis and treatment of lesions that do
not have long-term malignant potential (false-positive
lesions) is more difficult to quantify. Most adenomas
(60%—75%) are smaller than 1cm on endoscopic examina-
tion.'” The risk for high-grade dysplasia increases from 1%
in small adenomas (less than 5mm) to 6% for medium-sized
adenomas (5-10mm) to 21% for large adenomas (greater than
Icm).'”

BALANCE OF BENEFITS AND HARMS

In a recent study of a screening colonoscopy program at a
work site,''% the authors created a clinical index to stratify
risk for advanced proximal neoplasia (defined as an adenoma
1 cm or larger or one with villous histology, severe dysplasia,

or cancer) and to identify a subgroup at low risk for whom
screening sigmoidoscopy alone might be sufficient. Scores
were based on age, sex, and distal findings. In the validation
arm of the study, the 47% of the cohort determined to be in
the low-risk subgroup had a risk for advanced proximal neo-
plasia of 0.4%. Use of the index in this population identified
92% of persons with advanced proximal neoplasia. The
number needed to screen (NNS) to detect advanced proximal
neoplasia among patients with any distal polyp was 16 and,
among everyone, the NNS was 36. The NNS to extend one
life from colorectal cancer mortality was not calculated and
would be higher.

Colorectal cancer screening reduces death from colorectal
cancer and decreases the incidence of invasive cancer by
finding and removing adenomatous polyps. These benefits of
screening, however, are tempered somewhat by the effort
involved, the harms of the screening procedures themselves,
and the possibility of overdiagnosis and overtreatment of
small lesions with low malignant potential. As tests with
greater sensitivity are developed, the risk of overdiagnosis
increases.
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