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Investigations using intermediate end points as cancer surro-
gates are quicker, smaller, and less expensive than studies that
use malignancy as the end point. We present a strategy for
determining whether a given biomarker is a valid intermediate
end point between an exposure and incidence of cancer.
Candidate intermediate end points may be selected from case
series, ecologic studies, and animal experiments. Prospective
cohort and sometimes case—control studies may be used to
quantify the intermediate end point-cancer association. The
most appropriate measure of this association is the attributa-
ble proportion. The intermediate end point is a valid cancer
surrogate if the attributable proportion is close to 1.0, but not
ifitis close to 0. Usually, the attributable proportion is close to
neither 1.0 nor 0; in this case, valid surrogacy requires that the
intermediate end point mediate an established exposure-
cancer relation. This would in turn imply that the exposure
effect would vanish if adjusted for the intermediate end point.
We discuss the relative advantages of intervention and
observational studies for the validation of intermediate end
points. This validation strategy also may be applied to
intermediate end points for adverse reproductive outcomes
and chronic diseases other than cancer) [J Natl Cancer Inst
82:1746-1752, 1990} -

The biologic events in the human body that take place
between carcinogen exposure and the development of a
malignancy can be viewed as “intermediate end points” in
carcinogenesis. These end points may be discrete events such
as formation of a large-bowel adenomatous polyp, or they may
be quantitative changes such as an increase in the proliferation
rate of epithelial cells.

Because malignancies develop slowly and relatively infre-
quently, investigations of the relation between suspected
carcinogenic exposures and cancer may require many partici-
pants observed over a long period of time. Intermediate end
points, however, can be assessed earlier than malignancy.
Moreover, if discrete events, the intermediate end points are

usually less rare than the cancer end point, thus permitting
quicker, smailer, and less costly investigations. For example, a
study of diet in relation to serum estradiol (1), or proliferation
of epithelial cells of the large bowel (2), could be carried out on
several dozen subjects in a few months, whereas a dictary
intervention study with breast or large-bowel cancer as end
points would require tens of thousands of subjects with follow-
up in excess of 5 years.

An underlying assumption of many studies using bio-
markers as end points is that any observed relation between an
exposure and the marker will translate into a similar relation
between exposure and cancer per se. We will address this
crucial assumption and present a strategy for validating
biomarkers as true intermediate end points. Our purpose in
outlining these methods is to stimulate studies that provide
data for validating cancer intermediate end points.

To simplify our discussion, we will assume that a biomarker
of interest (a potential intermediate end point) 1s a discrete
event. The arguments we use can be extended to quantitative
markers, but we do not address this issue here.

Identifying Potential Intermediate End Points

In epidemiologic research, case series and ecologic (correla-
tional) studies are considered to be “hypothesis generating”
with regard to the relation between various exposures and
diseases. Animal experiments also may yield exposure—
disease hypotheses that merit further investigation in humans.
Hypotheses are then investigated more definitively by observa-
tional studies (case-control and cohort) of individuals and
may ultimately be tested in intervention studies (3). A similar
broad research strategy may be carried out first to identify
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biomarker candidates and then to validate these markers as
intermediate end points.

To select potential intermediate end point candidates from
the large pool of available biomarkers, we can use case series,
ecologic studies, or animal experiments. In a case series, we
may find a specific marker in the overwhelming majority of
persons with cancer. Several studies have demonstrated
epithelial cell hyperproliferation in persons with large-bowel
cancer or adenomas (2). Human papillomavirus DNA has
been found in cervical cell samples from 80% to 90% of wormnen
with invasive cervical cancer (4). In an ecologic study, we
measure the prevalence of a biomarker in populations at
varying risks of cancer. As examples, both fecal mutagenicity
(5) and cell proliferation indexes (6) have been found to be
higher in populations at greater, as opposed to lesser, risk of
large-bowel cancer. Animal experiments have suggested a
number of potential intermediate end points. Increased
epithelial cell proliferation, aberrant crypt production, and
microadenoma formation have been observed in rodents
administered potent chemical carcinogens (7).

Beginning the Validation Process:
Confirming the Biomarker—Cancer Link

Case—Control Studies

Once we have identified a potentially interesting biomarker
through case series, ecologic studies, or animal experiments, a
logical progression in research strategy is to conduct a case-
control study, in which the prevalence of the biomarker in cases
is compared with that in controls.

A persistent concern with case—control studies of bio-
markers is the possibility of reverse causality, whereby the
disease affects marker determinations and creates a misleading
case—control difference. Fecal bile acid concentration, for
example, has been proposed as a relevant biomarker of large-
bowel carcinogenesis, but measurements of fecal bile acids in
large-bowel cancer cases may be altered beyond interpretation
by bleeding in the large bowel and changes in bowel habits that
characterize this malignancy (Schiffman M: unpublished
data).

Case-control studies, however, may be quite informative in
situations where the possibility of reverse causality is unlikely,
eg, the relation between human papillomavirus infection and
cervical cancer. Although it is possible that elevated prevalence
of human papillomavirus infection in women with cervical
cancer is a consequence of the disease, the strong oncogenic
potential of the virus in vitro argues against this possibility.
For this candidate intermediate end point, case—control
studies are potentially valuable.

Cohort Studies

Prospective cohort studies of potential intermediate end
points avoid the reverse causality problem because intermedi-
ate end point status is assessed prior to the development of
cancer. In this type of study, the incidence of cancer is
compared between persons who are intermediate end point
positive and those who are intermediate end point negative. As
an example, M. Wargovich (personal communication) has
initiated a prospective cohort study of cell proliferation in
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relation to subsequent adenomatous polyp recurrence. (In this
case, the outcome is neoplasia—adenomatous polyps —rather
than cancer.) This study will determine initially the labeling
index for each person undergoing polypectomy and observe
whether that person has a subsequent polyp recurrence.

Quantifying the Marker—Cancer Association
Attributable Proportion

We now wish to use our case—control and cohort data to
quantify the relation between a putative intermediate end
point and cancer. The epidemiologic measure of association
most appropriate for this purpose is the attributable proportion
(AP), which can be defined as the proportion of cases of
disease that is attributable to the intermediate end point. AP is
determined directly from two other concepts in the epidemiol-
ogy and screening literature, sensitivity and relative risk (3).

Case—control, cohort, or intervention studies can provide
data on sensitivity and relative risk. The sensitivity is simply
the proportion of patients with cancer in the case group who
are intermediate end point positive, ie, AAA + C) (Table 1).
The relative risk is the incidence of cancer in those who are
intermediate end point positive divided by the incidence of
cancer in those who are intermediate end point negative, ie,
[A/A + B)]/{CAC + D)} (Table 1).

The formula for AP can be written as

AP = S(1 —1/R), [1]

where S is the sensitivity and R is the relative risk (3). (We
assume here that follow-up time is long enough for AP to be
stable with respect to duration of follow-up.) Values of AP for
different values of S and R are shown in Table 2. The table
shows that S tends to be more important than R in determin-
ing AP, If Sis low, even a large R will result in only a relatively
low AP. Conversely, a modest R yields a relatively high AP
when S is high.

The AP allows us to quantify the change in cancer incidence
in relation to a given change in the proportion of persons who
are intermediate end point positive, assuming that intermedi-
ate and cancer end points are causally linked. If the intermedi-
ate end point positivity were eliminated from the population,
we would expect the cancer incidence to be reduced by AP X
100%. In general, if D,, is the percent reduction in the
proportion of persons who are intermediate end point
positive, then the resulting percent reduction in cancer
incidence, D, is given by (&)

Dcy = Dy - AP. [2]

Inferences From the Attributable Proportion

The nature of the underlying causal pathway for an
intermediate end point has considerable bearing on the AP.

Table 1. General relation of intermediate end points and cancer

L
Cancer
Yes No
Intermediate end point i é g
_— —_— ]
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Figure 1. Single in-
termediate end point
(IE,) is necessary for
cancer (CA).

CA

E,

Fig I depicts a hypothetical causal relation between a single
intermediate end point (1E,) and cancer, according to which
IE, is necessary for the development of cancer. In this case S =
1.0, R = infinity (in Table 1, C = 0), and AP = 1.0.
An AP of 1.0 implies that the carcinogenic process always
works through IE,, and one may safely use that intermediate
end point as a cancer surrogate.

In reality, one can expect more than one pathway to exist
(Fig 2). In this case, some cancers develop through IE,, but the
intermediate end point IE, is not necessary for cancer to occur.
Because some cancers may be causally preceded by IE,, and
notbyIE,, the Sof that intermediate end point (IE, ) is less than
1.0.1f Sisless than 1.0, then the AP for IE, is also less than 1.0
(equation 1) and D, is less than D,, (equation 2). Therefore,
reducing intermediate end point positivity by a given
percentage will reduce cancer incidence by a lesser percentage.

Just as an AP of 1.0 signifies that an intermediate end point
will make a valid cancer surrogate, so an AP of 0 for IE,
implies that IE, will not be a valid cancer surrogate. If the AP
for IE, is 0, then the I1E, — CA pathway (Fig 2) does not exist
and the carcinogenic process operates only through IE,.

We give two examples here. Recent studies of human
papillomavirus infection and cervical cancer (4) have shown
that § = 0.9 and that R = 10 (or greater). AP is then
calculated from equation 1 as approximately 0.8, ie, 0.9 X [1 —
(1/10)]. This implies that an intervention that eliminated 30%
of human papillomavirus infection would decrease cancer
incidence by 30% X 0.8 = 24%, assuming a causal relation.

Fecal mutagenicity has been suggested as an intermediate
end point in large-bowel carcinogenesis (5). In a recent
case—control study of large-bowel cancer, investigators
observed a particular type of fecal mutagenicity in 12% of
cases with an estimated R of 4.4 (9). The calculated AP for this
type of mutagenicity is 0.09, ie, 0.12 X [1 — (1/4.4)]. This
implies that an intervention diminishing mutagenicity by 30%
would reduce the incidence of large-bowel cancer by only 2.7%
(30% X 0.09).

More Definitive Validation: Is the Marker
a Mediator?

Given that we are likely to encounter case-control or cohort
studies yielding APs that are close to neither 0 nor 1.0, what

IE, ——> CA

Figure 2. Two in-
termediate end points
(IE, and IE,) lead to
cancer (CA).

E,

other information can be used to decide whether a biomarker
withan AP in the middle range is a valid cancer surrogate? Our
key idea is to consider as a whole the relations among
exposure, intermediate end point, and cancer. In particular,
we want to study whether the given intermediate end point can
be shown to mediate an established exposure-cancer relation
(10). Thiscan be done in intervention or observational studies.

intervention Studies

The question of mediation can be particularly well
addressed by integrating the assessment of the putative
intermediate end point into an intervention study. Prentice
(11) has discussed this issue in the context of surrogate end
points for clinical trials. The relevant question becomes the
following: to what extent does a change in the intermediate end
point account for any observed intervention effect? If the
intervention is randomly assigned, then the question may be
assessed without concern over spurious associations between
the intervention and intermediate end point or between the
intervention and cancer.

In an intervention study, one has the following information
for each participant: intervention group assignment
(“exposure™), intermediate end point (measured at a period of
time after the intervention has begun), and cancer outcome
(ves or no). Let us assume that the intervention “works,” that
cancer incidence in the intervention group is significantly
reduced compared with that in the control group. Since
individual data on the intermediate end points are available, it
is possible to determine statistically, through stratified
adjustment or regression techniques, the extent to which the
reduction in incidence is explained by a reduction in
intermediate end point positivity.

Fig 3 shows the causal pathways depicted in Fig 2 but with
the exposure link added to complete the exposure—intermedi-
ate end point-cancer pathway. The AP for [E, is between 0 and
1.0, since some, but not all, cancers will be preceded causally
by IE,. In Fig 3, the effect of the intervention (E,) is fully
mediated by its associated intermediate end point (IE 1), SO we
expect the “intermediate end point-adjusted” intervention
effect to become zero.

In the hypothetical data shown in Table 3, one sees that in
both the intervention and control groups the cancer
occurrence proportion is five times greater among those who
are marker positive than among those who are marker
negative. The 33% [ie, (36 — 24)/36 X 100%] reduction in
cancer occurrence with intervention is completely accounted
for by the halving of marker positivity with intervention (50%
and 25% marker positive, respectively, in the control and

Figure 3. Two sepa-
rate exposures (E, and
E,), each fully medi-
ated by a different
intermediate  end
point, (IE, and IE,,
respectively), lead to
cancer (CA).
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Table 2. Attributable proportion [AP = S(1 — 1/R)]
__

2
Sensitivity (S) of intermediate Relative risk (R) for intermediate end point positives
end point 1.5 2.5 35 4.5 5.5 6.5 7.5 8.5 9.5 10.5

0.1 0.03 0.06 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.09
0.3 0.10 0.18 0.21 0.23 0.25 0.25 0.26 0.26 0.27 0.27
0.5 0.17 0.30 0.36 0.39 0.41 0.42 0.43 0.44 0.45 0.45
0.7 0.23 0.42 0.50 0.54 0.57 0.59 0.61 0.62 0.63 0.63
0.9 0.30 0.54 0.64 0.70 0.74 0.76 0.78 0.79 0.81 0.81

L ———————— A

intervention groups). To see this, note that the marker-positive
study participants have the same cancer proportion (60%)
whether in the intervention or in the control group. The same
istrue of marker-negative participants, who have a 12% cancer
proportion in both study groups. Note that the 33% reduction
in cancer proportion satisfies equation 2, where D, = 33%,
the control group AP = 0.67, and D,;. = 50%.

if one were to adjust the intervention effect for the difference
in the proportions of marker-positive participants in the two
study groups, either by standardization or by regression of the
cancer proportion on variables indicating intervention
assignment and marker status, the intervention effect would be
eliminated. In other words, the intervention works entirely
through the intermediate end point. We could then conclude
that the intermediate end point IE, is a valid cancer surrogate
for studies involving E, (but not necessarily for studies
involving other types of intervention).

Fig 4, however, depicts a different situation. Here the effect
of the intervention (E,) is only partially mediated by the
intermediate end point (IE,), since E, affects cancer incidence
through IE, as well as IE,. In this case, the IE,-adjusted effect
of intervention E, would no longer be equal to zero but would
represent the average effect of E, on cancer mediated through
an alternative intermediate end point (IE,). Hence, the larger
the adjusted intervention effect, the greater is the role played by
the alternative pathway. Clearly, it would be hazardous to use
IE, as a cancer surrogate for assessing other interventions with
a mode of action similar to E, unless the adjusted treatment
effect is quite close to zero. Other interventions, even if they
decreased 1E,, could possibly increase 1E, and thereby offset
the cancer reduction achieved through the effect on IE,.
Without explicitly observing the cancer end point or
identifying the other pathway (IE,), we would remain ignorant
of this effect. Note that for similar reasons equation 2 does not
hold in this setting.

In the case where 1E, accounted for none of the treatment
effect (the marker is not on the £ — CA pathway), the marker-
adjusted intervention effect would be equal to the unadjusted
intervention effect. In this instance, the marker would
definitely not be a valid surrogate end point for cancer.

In practice, because of statistical fluctuations, it would be
most unusual for the numbers to fall out as perfectly asin Table
3, even when the intermediate end point does entirely mediate
the intervention effect. One would, however, calculate the
unadjusted and adjusted intervention effect: if the unadjusted
effect were large and significant and the adjusted effect were
much smaller and nonsignificant, this would provide
supporting evidence for the mediating effect of the
intermediate end point. If, however, the unadjusted
intervention effect were small and nonsignificant, then there
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would be no opportunity of positively validating the
intermediate end point, although the demonstration of a
simultaneous large and significant effect of the intervention on
the intermediate end point would suggest that this marker
should not be used as a cancer surrogate.

Observational Studies

Observational studies could also be suitable for studying
whether the marker mediates the exposure effect.
Considerations similar to those discussed for an intervention
study hold for an observational study, but information on
exposure/nonexposure is substituted for intervention/
nonintervention assignment. When intermediate end points
are validated in intervention or observational studies, the
inherent temporal assumption is that the exposure precedes
the measurement of the intermediate end point, which, in
turn, precedes the disease outcome. In an intervention study,
the investigation begins at the same time that exposure is first
measured, ie, when the treatment group is assigned.

In an observational study, on the other hand, one may be
able to decrease the requirement for follow-up time by
assessing exposure retrospectively, at the time the intermediate
end point is measured. In a cohort study, both exposure and
intermediate end point may be assessed prior to the diagnosis
of cancer. In a case-control study, however, both exposure and
intermediate end point are measured after cancer diagnosis.
Thus, observational validation studies (both cohort and
case—control) operate on the assumption that exposure
precedes intermediate end point. Furthermore, whereas
intermediate end point clearly precedes diagnosis of cancer in
the cohort study, the possibility that cancer has altered
intermediate end point (reverse causation) remains a concern
in the case—control approach.

As an example of an observational validation study,
investigators at the National Cancer Institute recently
established a cohort study of human papillomavirus infection
of the cervix, with measurement of the infection at enroliment.
The study was to determine whether human papillomavirus

Figure 4. Two sepa-
rate exposures (E, and
E,)lead to cancer(CA).
E, is mediated by two
different intermediate
end points (IE, and
IE,). E, is fully medi-
ated by IE,.
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Table 3. Hypothetical data from intervention study incorporating an

intermediate end point
.

Grou No. of Cancer
P participants proportion, %*
Intervention
Marker positive 25 (15/25) = 60
Marker negative 75 9/75) = 12
Total 100 (24/100) = 24
Control
Marker positive 50 (30/50) = 60
Marker negative 50 (6/50) = 12
Total 100 (36/100) = 36
—_—

*Values in parentheses = No. of participants marker positive or marker
negative/total No. of participants.

infection mediates the risk of cervical neoplasia associated
with the traditional epidemiologic variables “lifetime number
of sexual partners” and “age at first sexual intercourse.” In this
study, the sexual variables can be viewed as prior exposures
that can be assessed reasonably accurately at enroliment. The
expectation is that the risk of cervical neoplasia will be
increased among women who initiated sexual intercourse at
earlier ages and who have had greater numbers of sexual
partners. If human papillomavirus infection is the intermedi-
ate end point explaining these associations, then the excess
risk for the sexual variables should disappear; ie, the human
papillomavirus infection-adjusted relative risk for the sexual
variables should approximate 1.0.

As illustrated above, the observational study has three
important advantages over the intervention study with regard
to validation of intermediate end points: 1) prior exposures
may be ascertained at the time of the intermediate end point
assessment, thereby reducing the overall follow-up time; 2) the
exposure chosen for study may be a risk factor that has a well-
established association with cancer, whereas the intervention
may turn out not to modify cancer incidence; and 3) several
exposures may be studied simultaneously and the intermediate
end point validated against each. However, in observational
studies, spurious correlation between the exposure and
intermediate end point or disease may exist even after attempts
at statistical adjustment. Moreover, implicit assumptions
about temporal sequence (between exposure and intermediate
end point in both cohort and case—control studies and
between intermediate end point and cancer for the case-
control investigation) render the observational study inferen-
tially somewhat weaker than the intervention study for
intermediate end point validation. In practice, both interven-
tion and observational studies are likely to be useful, and
opportunities for validation in observational studies may
present themselves more frequently.

Figure 5. An expo-
sure (E) leading to can-
cer (CA) operates
through an unobserv-
able (U) event that in
turn leads to an inter-
mediate end point
(IE,) that is not di-
rectly on the cancer
pathway.

~1E;

E——U

CA

Further Considerations

Necessity and Sufficiency in Intermediate
End Point Pathways

The causal pathways as they are drawn in Figs 2 to 4 imply
that the exposures and intermediate end points are each
sufficient for the carcinogenic process to take place. This is an
oversimplification of actual causal processes in carcinogen-
esis; the previous arguments in this commentary do not
depend on any such assumption. Not every person on, say, a
high-fat diet develops adenomatous polyps, nor does every
polyp go on to malignancy. This notion of causal sufficiency
and insufficiency in carcinogenesis is reflected in the following
pathway:

E,(+E,+..)—IE, (+ E;+...)— CA.

Ifadditional exposures, indicated as (+ E, +. . .), are necessary
in the E, — IE, pathway, then E, by itself would not lead to
polyp formation (IE,)). (E, + ...) may represent certain
susceptibility factors (12) or other dietary factors such as low
vegetable or dietary fiber (/3) intake.

The IE, (+ E; + ...) — CA part of the pathway just
described indicates that other exposures may be necessary for
a polyp to develop into cancer. If these additional exposures
are not present, then the polyp does not go on to cancer. Note
that these additional exposures (E; +. . .) might be exogenous
environmental factors such as diet, or they could be endo-
genous metabolic phenomena such as pH (/4) or ratio of
secondary to primary bile acids (15) that may be considered
intermediate end points in their own right.

Closely Linked “Intermediates”

In Fig 5 the intermediate end point IE, is not directly on the
causal pathway from exposure to cancer. Instead this inter-
mediate end point is linked to cancer by means of an
unobservable event (U) that leads to both the intermediate end
point and cancer. For the intermediate end point to be a useful
cancer surrogate in this situation, the time from U to the
intermediate end point would have to be shorter than the time
from U to cancer.

When an intervention works at the E — U portion of the
causal pathway (Fig 5), the effect of the intervention on cancer
will be reflected by the effect of the intervention on the
intermediate end point. However, it is theoretically possible
that the intervention could operate at U — IE , but notat U —
CA. Inthat case, the intervention would affect the intermediate
end point but wouid not have a comparable impact on cancer.
Conversely, if the intervention operates at U — CA but notat U
— IE,, then the intervention would have an effect on cancer
that would not be reflected in an intermediate end point effect.

Unfortunately, the situation in Fig 5 cannot be distinguished
from that in Fig 4 by estimation of the intermediate end point-
adjusted intervention (or exposure) effect. In both cases, this
effect will be nonzero. For the pathway in Fig 5, the adjusted
effect will lic between zero and the unadjusted effect, and its
size will depend on the (unobservable) correlation between IE,
and U. If the correlation is high, then the adjusted intervention
effect will be close to zero; if the correlation is low, then the
adjusted effect will be closer to the unadjusted effect. Other
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evidence is required to distinguish between the two possible
models reflected in Figs 4 and 5.

Micronuclei, which have been identified in several epithelial
tissues including those of the mouth, esophagus, lung, and
large bowel, have been proposed as a useful intermediate end
point in cancer studies (/6) and could serve as an example of
IE, in Fig 5. A micronucleated cell is usually not viable and
therefore cannot be a direct celiular precursor of a malignancy.
However, the presence of micronucleated cells may reflect an
unobservable genotoxic event (U in Fig 5) that may be a
necessary step on the pathway to cancer.

Measurement Error

In the description above, we have assumed that the
intermediate end point is measured without error. The
presence of measurement error will distort the relations we
have described. For example, suppose the intermediate end
point lies on the unique causal pathway between an exposure
and disease (Fig 3). The intermediate end point-adjusted
exposure effect, which is truly zero, will tend to be estimated as
a nonzero quantity as a result of the measurement error. This
situation is analogous to the effect on risk estimation of
misclassification of confounding variables (/7). When exam-
ining such adjusted exposure effects, we may thus confuse the
effects of measurement error with the modelsin Figs4 and 3. In
practice, measurement error will always be present, but
knowledge of the error variance allows one to correct for its
effect. Statistical methods for such corrections may be found
in Fuller (I8), and their importance is beginning to be widely
appreciated by epidemiologists (19).

Sample Size

Vatidating an intermediate end point within a cohort or
intervention study need not lead to any increase in the required
sample size. First, we would generally expect the association
between the intermediate end point and cancer to be at least as
strong as the association between exposure and cancer.
Therefore, if the study is sufficiently large to detect the effect of
exposure, it will also be large enough to detect the relation of
the intermediate end point with cancer. Second, the estimate
of the intermediate end point-adjusted exposure effect will
usually have only marginally less precision than the estimate of
the unadjusted exposure effect. The adjusted exposure effect
can therefore be studied with almost the same statistical power
as the adjusted treatment effect. Further detailed work on the
sample size requirements for a validation study is available
from the authors.

Conclusion

In spite of the undeniable attractiveness of studies using
intermediate end points as surrogates for cancer, such studies
do not obviate the need for large-scale prospective investiga-
tions. Intermediate end points have to be validated if they are to
be used reasonably as cancer surrogates.

We have not yet had the opportunity to try out the
validation method we propose on data relating to cancer; such
data may not be available for some time. Our arguments,
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however, are also applicable to the validation of intermediate
end points for other diseases. Data from cardiovascular
disease prevention triais have become available for validating
serum cholesterol as an intermediate end point for coronary
heart disease (20,21). Validation studies of semen biomarkers
(22) as intermediate end points for adverse reproductive
outcomes such as low birth weight and congenital malforma-
tions have the decided advantage of a relatively quick occur-
rence of the final end point. Studies of CD4 counts in acquired
immunodeficiency syndrome (23) or pulmonary function
tests in neoplastic and nonneoplastic lung disease (24,25)
present other potential opportunities for the application of
this validation approach.

In most cases, the validation strategy discussed requires the
incorporation of intermediate end points in ongoing and new
cohort and intervention studies. This will be an expensive and
time-consuming process that is just beginning at the present
time. We cannot stress too strongly, however, that these
validation studies are essential if intermediate end points are to
progress beyond being merely interesting phenomena that
may or may not tell us something about cancer and its causes.
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