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Abstract
One of the most important considerations in designing clinical trials is the choice of outcome
measures. These outcome measures could be clinically meaningful endpoints that are direct
measures of how patients feel, function and survive. Alternatively, indirect measures, such as
biomarkers that include physical signs of disease, laboratory measures and radiological tests, often
are considered as replacement endpoints or “surrogates” for clinically meaningful endpoints. We
discuss the definitions of clinically meaningful endpoints and surrogate endpoints, and provide
examples from recent clinical trials. We provide insight into why indirect measures such as
biomarkers may fail to provide reliable evidence about the benefit-to-risk profile of interventions.
We also discuss the nature of evidence that is important in assessing whether treatment effects on
a biomarker reliably predict effects on a clinically meaningful endpoint, and provide insights into
why this reliability is specific to the context of use of the biomarker. .
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1. Introduction: Important Characteristics of Study Endpoints
The selection of the primary ‘endpoint’ or ‘outcome measure’ has considerable influence on
the reliability and interpretability of clinical trials intended to evaluate the benefit-to-risk
profile of an intervention. This influence can be better understood by considering several
important characteristics of these outcome measures.

To enhance the informativeness of clinical trials regarding benefits and risks of treatments,
primary endpoints should have the characteristics of being well defined and reliable [1]
measures that assess important aspects of patient health status. A key step in assessing these
properties is to evaluate content validity, which is “the extent to which an instrument
measures the important aspects of concepts most significant and relevant to the patient’s
condition and its treatment” [2,3]. Effects on many important aspects of patient health status
can best be assessed by using Patient-Reported Outcomes (PROs), defined to be “any report
of the status of a patient’s health condition that comes directly from the patient, without
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interpretation of the patient’s response by a clinician or anyone else” [4]. The 2009 FDA
Guidance on PROs summarizes good measurement principles that are applicable to any
assessment based on a PRO. These principles also apply for endpoints based on obtaining
information through a clinician (i.e., a ClinRO) or an observer (i.e., an ObsRO) assessment.

Another characteristic is that the primary endpoint should be sensitive to the effects of the
intervention. For example, if an analgesic is being evaluated in a pre-terminal patient, while
overall survival would be particularly relevant to the patient, a validated PRO measuring
pain relief would be more sensitive to the expected effects of the intervention. This
characteristic for sensitivity usually plays a dominant role in endpoint selection, in order to
reduce the size and duration of clinical trials and to increase the likelihood of achieving
positive results. However, when an endpoint is chosen based on sensitivity, evidence
regarding effects on more clinically important outcomes should be particularly influential,
such as data suggesting adverse effects on survival for an agent achieving relief of pain.

Another consideration is that the primary endpoint should be readily measurable and
interpretable. If invasive procedures such as frequent biopsies or intubation are required to
assess effects on histological measures, then the challenges in measuring these outcomes
induce a risk for high levels of missing data that could cause substantial bias and a
meaningful reduction in interpretability of study results.

Interpretability also might be reduced if composite endpoints are used. Composites are often
considered to increase the trial’s sensitivity or statistical power by increasing the number of
patients experiencing the primary endpoint in time-to-event settings. However, the
interpretability of such endpoints is greatly influenced by whether each component of the
composite has similar clinical relevance to the other components. The Major Cardiovascular
Event (MACE) composite endpoint, i.e., the composite of “cardiovascular death, stroke or
myocardial infarction”, is interpretable in clinical trials in patients with acute coronary
syndrome because each component of the composite is a measure of irreversible morbidity
or mortality. However, the interpretability of such a measure was substantially reduced
when the components “acute coronary syndrome, cardiac intervention including coronary
artery bypass graft or percutaneous coronary intervention, major leg amputation, or
revascularization in the leg” were added to the MACE components, “death, stroke or
myocardial infarction” in the PROactive clinical trial evaluating pioglitazone in patients
with type-2 diabetes, [5]. Interpretability of the MACE endpoint also was meaningfully
compromised when “asymptomatic distal deep venous thrombosis” was added to the
composite in the EXULT-A and -B clinical trials evaluating ximelagatran in patients having
total knee replacement surgery [6,7].

The most important characteristic in guiding the selection of the primary endpoint in
definitive trials is that effects on such an endpoint should provide reliable evidence about
whether the intervention provides clinically meaningful benefit. Thus, the primary outcome
measure in definitive trials should be “a clinical event relevant to the patient” [8], or an
endpoint that “measures directly how a patient feels, functions or survives” [9], where
function refers to patients’ ability to perform activities in their daily lives. Such outcome
measures are hereafter referred to as ‘clinically meaningful endpoints’ or ‘clinical efficacy
measures’. Alternatively, an endpoint can be a validated surrogate for such an outcome
measure. A surrogate endpoint is an outcome measure “used as a substitute for a clinically
meaningful endpoint…changes induced by a therapy on a surrogate endpoint are expected to
reflect changes in a clinically meaningful endpoint” [9]. Many outcome measures used in
clinical research are not clinically meaningful endpoints, but are indirect measures that are
used as surrogate endpoints. Validating a surrogate endpoint requires providing an evidence
based justification, often from randomized controlled clinical trials, that achievement of
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substantial effects on the surrogate endpoint reliably predicts achievement of clinically
important effects on a clinically meaningful endpoint.

Some indirect measures that are considered as potential surrogate endpoints, such as 6
minute walk test, limb spasticity, pulmonary function tests, or rescue medications for pain,
may be dependent on patient motivation or clinical judgment. However, most indirect
measures to be considered in this article do not have such dependence. Rather, they are
measurements of biological processes. They will be called biomarkers, and “include
physiological measurements, blood tests and other chemical analyses of tissue or bodily
fluids, genetic or metabolic data, and measurements from images” [10].

In the remainder of the manuscript, we discuss the challenges in validation of a surrogate
endpoint. Prior to that discussion, we provide examples of clinically meaningful endpoints,
i.e., true clinical efficacy measures, examples of validated surrogate endpoints, and
examples of outcome measures that are neither. Table 1 provides a categorization of many
outcome measures commonly used as primary endpoints in Phase 3 clinical trials designed
to provide reliable or definitive assessments of interventions’ benefit-to-risk profiles. A 4-
level hierarchy for endpoints is used in this categorization, as given in Fleming [11]:

“Level 1 is a true clinical efficacy measure; Level 2 is a validated surrogate (for a
specific disease setting and class of interventions); Level 3 is a non-validated
surrogate, yet one established to be ‘reasonably likely to predict clinical benefit’
(for a specific disease setting and class of interventions); and Level 4 is a correlate
that is a measure of biological activity but that has not been established to be at a
higher level.”

In this categorization, all endpoints at Levels 2, 3, and 4 are indirect outcome measures.
Measures at Level 1 or 2 likely would be appropriate primary endpoints in definitive or
registration clinical trials. Level 3 measures might be considered as primary endpoints in
clinical trials using the subpart E or subpart H “Accelerated Approval” regulatory approach
[12] for applications to the U.S. Food and Drug Administration (FDA). Level 4 measures
may be strongly correlated in natural history with direct measures of the patient’s clinical
status, and as such might be useful for disease diagnosis, for assessment of prognosis, or by
caregivers to guide patient management decisions in the absence of more reliable evidence
to guide clinical practice. However, it is problematic to propose use of these Level 4
measures as primary endpoints in definitive clinical trials.

2. “A Correlate does not a Surrogate Make”
Suppose it is of interest to use a biomarker as a replacement endpoint in a Phase 3 clinical
trial intended to provide reliable evidence about efficacy and safety of an intervention.
When querying clinical researchers about the available evidence to justify their acceptance
that effects on their favorite biomarker measure should reliably predict effects on a clinical
efficacy measure, a frequent response is that there is a strong correlation between these
measures in natural history observations. For example, in oncology, since responders (i.e.,
patients who experience substantial tumor shrinkage following therapy) live longer than
non-responders, many have believed that increases in the response rate should predict
improvement in overall survival. However, such evidence about correlations does not allow
one to understand the true nature of causality. Was the longer survival duration in
responders causally induced by the anti-tumor effects of the intervention, or did the
treatment-induced tumor response simply allow identification of the immunologically or
inherently stronger patients who both responded and lived longer because of their inherently
better status?
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As indicated by Fleming and DeMets [8], “A correlate does not a surrogate make.” While
the effect of an intervention on a biomarker does provide direct evidence regarding
biological activity, such evidence could be unreliable regarding effects on true clinical
efficacy measures even when the biomarker is strongly correlated with these clinical
efficacy measures in natural history observations. Clarification about this paradox is
provided by Figures 1–3 that are variations of previously published illustrations, [8, 10, 11].

Biomarkers that are strongly correlated with clinical efficacy measures in natural history
observations, yet are not in the causal pathway of the disease process, are likely to provide
misleading information about clinical efficacy. Figure 1 provides illustrations of this setting.
While the risk that HIV-infected pregnant women will transmit the infection to their infants
is strongly correlated with maternal CD4 counts, an intervention such as interleukin-2 given
late in pregnancy to spike maternal CD4 counts would not impact this transmission risk.
This correlation between maternal CD4 and risk of mother-to-child transmission of HIV
exists because both measures are influenced by maternal viral load. More reliable insights
about potential effects on mother-to-child transmission of HIV would be obtained by
assessing whether an anti-retroviral intervention provides large reductions in maternal viral
load, where these reductions are sustained during pregnancy, labor and delivery, and during
breastfeeding. Of course, the preferred approach would be to assess the effect of the
intervention directly on the outcome of the proportion of infants infected with HIV.

In oncology, tumor markers such as prostate specific antigen (PSA) and carcinoembryonic
antigen (CEA) are correlated in natural history observations with clinical efficacy measures,
such as cancer symptoms and death. These correlations are sufficient to allow these
measures to be useful for assessing prognosis in patients receiving treatment for their
disease, or for disease diagnosis. However, effects on CEA and PSA likely would provide
unreliable information about clinical efficacy since it is the tumor burden process, rather
than levels of CEA or PSA, that is a true causal mechanism for risk of cancer induced
symptoms and mortality.

A second factor complicating the reliability of an evaluation of efficacy based on biomarkers
is the multidimensionality of the causal mechanisms of the disease process, as illustrated in
Figure 2. There is risk of false negative conclusions about clinical efficacy if the biomarker
does not lie in the disease process causal pathway that is meaningfully impacted by the
intervention. For example, in a registration trial in chronic granulomatous disease,
interferon-γ provided a statistically and clinically significant 70% reduction in rate of
recurrent serious infections [13]. However, the agent did not have a detectable effect on the
biomarkers of bacterial killing and superoxide production. These biomarkers had been
seriously considered during trial design as possible primary endpoints due to interests in
reducing the size and duration of this trial conducted in children.

False positive conclusions about clinical efficacy could arise if a biomarker captures the
substantial effects of an intervention on one causal pathway of the disease process, while the
intervention has an inadequate impact on other principal causal pathways. Consider, for
example, the three arm Sweden I Acellular Pertussis trial, where all children received
vaccines having diphtheria and tetanus components, along with the addition of a Smith-
Kline Beecham or an Aventis Pasteur acellular pertussis component or a placebo, [14].
Relative to the diphtheria +tetanus+ placebo control arm, the Aventis Pasteur vaccine
provided an 85% reduction, (95% CI, 81% to 89%), in the rate of pertussis cases, while the
Smith-Kline Beecham vaccine provided only a 58% reduction, (95% CI, 51% to 66%).
When comparing these two vaccines having active acellular pertussis components, even
though the Aventis Pasteur vaccine had strongly superior vaccine efficacy, the Smith-Kline
Beecham vaccine had superior effect on two leading biomarkers of Filamentous
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Haemagglutinin and Pertussis Toxoid antibody responses. The misleading information
provided by these two antibody biomarkers regarding relative efficacy of these acellular
pertussis vaccines might be explained by differences between vaccines in durability of their
antibody responses, yet more likely is explained by additional immune responses generated
by the Pertactin and Fimbrae (types 2 and 3) antigens in the Aventis Pasteur vaccine.

Even when the biomarker does capture effects on the principal causal pathway of the disease
process, it often is unclear what magnitude and duration of effect on that pathway is required
to meaningfully affect the clinical efficacy measure, (see Figure 2). For example, consider
the evaluation of coronary thrombolysis to speed reperfusion of infarct-related coronary
arteries, and in turn to decrease 30-day mortality post myocardial infarction. In this setting,
the Phase 2b RAPID II trial provided evidence that the experimental agent Reteplase,
(Recombinant Plasminogen Activator, r-PA), provided better effects than Alteplase
(Recombinant Tissue Plasminogen Activator, t-PA), in achieving “patency”, i.e., TIMI-III
blood flow rates at 60 minutes (51% versus 37%) and at 90 minutes (60% versus 45%) post
randomization [15]. Based on these positive biomarker results for r-PA, it was somewhat
surprising that 30-day mortality was numerically higher on r-PA than t-PA (i.e., 7.43%
versus 7.22%) in the 15,000-patient GUSTO-III confirmatory trial [16]. However, re-
inspection of the RAPID-II trial revealed that TIMI-III blood flow rates at 30 minutes were
lower on r-PA than on t-PA (i.e., 27% versus 39%). The lack of knowledge about the
magnitude and duration of effect on a pathway of the disease process that is required to
achieve a given effect size on a clinically meaningful endpoint compromises the reliability
and interpretability of any trial designed to use biomarkers as surrogate endpoints, and is
particularly problematic in the setting of non-inferiority trials.

Another factor complicating the reliability of an evaluation of efficacy based on biomarkers,
as illustrated in Figure 3, is the likelihood that these measures do not capture important off
target effects of the intervention, even though such effects could meaningfully alter the true
clinical efficacy of the intervention. There are numerous examples where biomarkers have
failed for this reason (8,10,11). A classic example arose when over a quarter million U.S.
patients annually were provided encainide and flecanide to suppress their arrhythmias post
myocardial infarction, due to the increased risk of sudden death in patients with arrhythmia.
Eventually, the two thousand-patient placebo-controlled Cardiac Arrhythmia Suppression
Trial was completed. Many were stunned by the trial results that revealed the two anti-
arrhythmia agents actually tripled the death rate, likely due to off-target effects not captured
by the suppression of arrhythmia biomarker, [17,18].

Among more recent experiences of failed biomarkers due to off-target effects of
interventions, in end stage renal disease, the TREAT, CHOIR, CREATE and Normal
Hematocrit trials [19–22] revealed that regimens involving more aggressive use of
erythropoiesis stimulating agents provided better normalization of hematocrit. However, in
these trials, these aggressive regimens had unfavorable effects on overall survival, at least in
part due to off target effects on thrombosis, on stroke risk, and potentially on malignancy. In
type 2 diabetes mellitus, rosiglitazone effectively lowered levels of glycosylated
hemoglobin, (HbA1c), yet subsequent trials provided evidence that its use increased the risk
of cardiovascular morbidity and mortality[23–24]. The ACCORD trial in type 2 diabetes
mellitus revealed that a therapeutic strategy providing an additional absolute 1% reduction
in HbA1c resulted in an increase in mortalitythrough off target effects that might include
inducing risk of hypoglycemia [25]. In coronary heart disease, the ILLUMINATE trial
confirmed that the addition of torcetrapid to atorvastatin enhanced the effects on lipids,
providing a substantial increase in high-density lipoprotein cholesterol in addition to
enhancing atorvastatin’s effect on lowering low-density lipoprotein cholesterol [26].
Nevertheless, the trial was terminated early due to the combination regimen’s unfavorable
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effects on mortality, potentially due to unintended off target effects of torcetrapid on the
renin angiotensin system that caused increases in blood pressure. The torcetripid experience
illustrates the hazards of a development strategy where evidence that a biomarker (e.g.,
lipids) is a valid surrogate endpoint for clinical efficacy measures (e.g., cardiovascular
morbidity and mortality) when evaluating an original class of agents (e.g., statins), then is
used to justify using that biomarker as a surrogate endpoint in the evaluation of a new class
of agents (e.g., cholesteryl ester transfer protein inhibitors that impact the renin angiotensin
system). Such “bridging” may not be justified if the original and new class of agents have
different profiles regarding meaningful off target effects.

3. Validation of Biomarkers as Surrogate Endpoints
Given the substantial risk that effects on biomarkers can provide misleading information
about the true effect of an intervention on clinical efficacy measures, it is important to
consider the nature of scientific evidence that would allow one to use biomarkers in place of
clinically meaningful endpoints in definitive clinical trials.

The Normal Hematocrit Trial [22] in Figure 4, conducted in 1233 patients with end stage
renal disease, illustrates that even if a strong correlation between a biomarker (i.e.,
hematocrit) and clinical efficacy measures (i.e., death and myocardial infarction-free
survival), apparent on the “standard of care” control regimen (i.e., standard dose Epogen), is
maintained on the experimental regimen (i.e., high dose Epogen), a favorable effect on the
biomarker still can be misleading about the net effect of the intervention on the clinical
efficacy measure. In this trial, through off-target effects including increased risk of
thrombosis not captured by the biomarker, use of the experimental high dose Epogen
regimen resulted in a net 30% increase in the rate of death or myocardial infarction with a
net increase of 38 patients who either died or experienced a myocardial infarction.

The Normal Hematocrit trial illustrates that a strong correlation between the biomarker and
the clinical efficacy measure, even if apparent on the experimental as well as on the control
regimen, is not sufficient to establish a biomarker to be a valid surrogate endpoint. However,
derivations by Prentice [27] show it would be sufficient if a second very restrictive condition
is also satisfied: namely, the biomarker fully captures the net effect of the intervention on
the clinical efficacy measure.

A rational argument about the validity of Prentice’s second condition could be developed for
a specific setting if one could have a comprehensive understanding about (i) the principal
pathways through which the disease process affects how a patient feels, functions or
survives, (ii) the extent to which effects on the biomarker capture the meaningful “on-target”
effects of the intervention on those causal pathways of the disease process, and (iii) any
“off-target” effects of the intervention that would meaningfully affect the clinical efficacy
measures and yet would not be captured by the biomarker.

While in theory such a rational argument could be developed, in reality a sufficiently
comprehensive depth of understanding about the causal pathways of the disease process and
about the unintended as well as intended mechanisms of action of the intervention rarely
could be achieved. In recognition of these limitations, the most reliable evidence regarding
the validity of a biomarker as a surrogate endpoint for a clinical efficacy measure might be
provided by an extensive overview of trials that give reliable estimates of the net effects of
the intervention on the clinically meaningful endpoint as well as on the biomarker.

For illustration, such an overview was presented to the FDA Cardiovascular and Renal
Drugs Advisory Committee on June 15, 2005 to address the validity of using blood pressure
measures as surrogate endpoints for cardiovascular outcomes in anti-hypertension clinical
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trials [28]. As an example of the evidence presented to the Advisory Committee, Figure 5
provides a graph that shows the relationship between the odds ratio (experimental to
reference) for cardiovascular clinical events when plotted against the intervention effects
(reference minus experimental) on systolic blood pressure. In this figure, where the results
from each large scale clinical trial are represented by a single point on the graph, effects on
systolic blood pressure do allow one to make reliable predictions about effects on the
cardiovascular clinical efficacy measure.

There are other important insights from this experience in the anti-hypertensive setting. The
validity of blood pressure measures as surrogates was addressed independently for several
classes of agents, including low-dose diuretics, β-blockers, angiotensin-converting enzyme
inhibitors, calcium channel blockers, and angiotension II receptor blockers. This was
important due to the potential that off-target effects not captured by the blood pressure
biomarker could differ across these classes. A consequence of this need to consider the
surrogacy issue separately across drug classes is the very large size of the data set used in
this validation process. In total, these analyses were based on studies collectively involving
500,000 patients. Further, these studies were randomized clinical trials since the use of data
from patient registries would not allow an unbiased assessment of treatment effects on either
the biomarker or the clinical outcome measures. Another important insight is that the
validity of blood pressure measures as surrogates depended quite strongly on the definition
of the clinical efficacy measures. Specifically, effects on blood pressure measures were very
predictive of effects on stroke, less predictive of effects on myocardial infarction,
cardiovascular death and overall mortality, and poorly predictive of effects on heart failure
[29]. This reinforces the point that when using a biomarker as a substitute for a clinically
meaningful endpoint, one must first be clear about the clinically meaningful endpoint for
which the biomarker is a proposed surrogate.

4. Conclusions
There are many potential roles for biomarkers in clinical research [10]. For some of these
roles, the biomarker can be used to effectively achieve the intended objective even if it is not
on a pathway through which the disease process causally induces risk of symptoms or
mortality. For example, when assessing the prognosis in a patient receiving treatment for
their disease or when diagnosing a disease, it is sufficient that a biomarker used for these
purposes simply be correlated with clinical efficacy measures in evidence obtained from
observational studies and patient registries. Biomarkers might also be useful in providing
insights about whether an intervention has a detectable effect on a biological pathway, and
thus might serve as endpoints in a proof-of-concept trial or as supportive measures in
definitive Phase 3 clinical trials.

The greatest clinical utility of biomarkers might be in the two clinical settings where it can
be most challenging to justify their validity and reliability. These two settings are use as
surrogate endpoints in place of clinical efficacy measures in definitive trials, or use to
achieve enrichment when one expects greater effects with interventions in specific groups of
subjects (i.e., effect modification). Regarding enrichment, there is considerable interest in
identifying the subset of the patient population for whom an intervention would have a
clinically meaningfully favorable benefit-to-risk profile due to greater benefits or fewer
adverse outcomes. Since the key mechanisms of treatment effect on the causal factor(s) of
the disease process might be specific to a targeted population (e.g., those patients having a
specific genetic characterization), being able to define this targeted population can avoid
diluting the benefit-to-risk profile of an intervention, both in clinical research as well as in
clinical practice. For example, the level of effect of trastuzumab in breast cancer patients
appears to be specific to the level of her-2-neu over-expression [30], and the level of effect
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of epidermal growth factor receptor-inhibiting drugs in colorectal cancer patients appears to
depend upon whether tumors express the wild type or the mutated version of the KRAS gene
[31]. When pursuing biomarkers as effect modifiers, it is insufficient to simply establish the
biomarker to be prognostic, which can be done by using data from observational studies and
patient registries to show the biomarker is associated with outcome risk. Simply stated, a
prognostic factor does not an effect modifier make. To determine whether biomarkers are
useful in identifying those patients most likely to receive clinically important benefits from
an intervention, considerable biological insights as well as data intensive approaches based
on evidence from randomized controlled trials are needed.

The second clinical setting where considerable biological insights as well as data intensive
approaches are needed to justify effective implementation of biomarkers is their use as
replacement or surrogate endpoints for clinical efficacy measures in clinical trials intended
to provide a definitive assessment of the benefit-to-risk profile of an intervention. As
discussed in this article, simply establishing a biomarker to be correlated with clinical
efficacy measures in natural history observations does not provide reliable evidence that the
effects on that biomarker will predict the intervention’s effects on those clinical efficacy
measures. Simply stated, a correlate does not a surrogate make, (8). The most reliable
evidence regarding the validity of a biomarker as a surrogate endpoint for a clinical efficacy
measure might be provided by an extensive overview of trials that give reliable estimates of
the net effects of the intervention on the clinically meaningful endpoint as well as on the
biomarker.

We should carefully consider the consequences of relying on biomarkers as surrogate
endpoints and thus as the primary source of efficacy information when determining whether
interventions should be used in clinical practice. Such reliance has the benefit of allowing
clinical trials for regulatory approval to be smaller in size and shorter in duration. However,
an unfortunate consequence is that this leads not only to more limited insights about efficacy
but also to less reliable assurances about safety given the smaller safety dataset upon which
to base assessments. It should not be surprising, then, that agents receiving regulatory
approval using efficacy assessments based on surrogate endpoints are more vulnerable to
having clinically unacceptable safety issues discovered during the post-marketing period. In
type-2 diabetes mellitus, rosiglitazone was approved based on reducing levels of HbA1c, yet
clinical trials results that were evaluated in the post-marketing setting provided substantial
evidence that the agent increases risks of cardiovascular morbidity and mortality. The
simvastatin/ezetimibe combination (Vytorin) was approved based on lowering low-density
lipoprotein cholesterol, but data from 3 large post-marketing trials suggest it has harmful
effects on risk of cancer-related mortality [32–34]. Erythropoiesis stimulating agents (ESAs)
received regulatory approval for use in the clinical settings of end stage renal disease and
chemotherapy induced anemia, based on short term effects on increasing the levels of the
biomarker, hematocrit, and reducing the need for blood transfusions. However, as discussed
earlier, subsequent trials provided strong evidence of harmful effects of ESAs on
thrombosis, stroke, mortality and possibly malignancy.

The concerns about a biomarker based approach for evaluating agents become greater when
recognizing that the determination of the threshold for acceptable safety risks depends on the
strength of evidence regarding efficacy. Thus, not only does the biomarker based approach
provide an increased likelihood that safety signals will not be discovered until post-
marketing, there is much greater risk that such signals, when discovered, cannot readily be
justified to be acceptable within the context of the strength of evidence regarding efficacy.
The assessment of the balance of benefit and risk is particularly challenging when benefit
measures are based on biomarkers or on short-term intermediate endpoints but evidence for
risk is based on clinically meaningful measures of major morbidity. For illustration,
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natalizumab was granted an accelerated approval under the FDA’s sub-part E provision for
biologics, based on evidence from short term trials in multiple sclerosis patients that
evaluated effects on short term relapse rates but did not provide direct evidence about effects
of the agent on the clinically much more important endpoint of time to irreversible loss of
mobility [35]. As a consequence, not only was the discovery of natalizumab’s effects on
progressive multifocal leukoencephalopathy delayed until after marketing approval had been
granted, but also the ability to judge the acceptability of such a highly morbid and often fatal
safety risk, when evaluated in a benefit-to-risk manner, was hampered by uncertainties about
whether natalizumab truly provided benefit on measures of irreversible morbidity for
multiple sclerosis patients, such as a delay in time to walking with a cane (i.e., Expanded
Disability Status Scale Score = 6) or being wheelchair bound (i.e., Expanded Disability
Status Scale Score = 7). Since reliance on biomarkers or on short term intermediate
endpoints leads to having less reliable insights about risks of rare but clinically important
safety events or about longer term safety and efficacy, their use as replacement endpoints
should be considered only when there is substantial evidence to establish their reliability in
predicting effects on clinical efficacy measures and where there is interest in interventions
that could offer added benefits over existing therapies.

The Institute of Medicine of the National Academies of Science released a major report
discussing an array of useful roles for biomarkers and why rigor is important regarding their
proper use [10]. In particular, this report recommends the evaluation process for using
biomarkers as surrogate endpoints consists of 3 steps: (i) Analytical Validation, which
includes an analysis of the analytical performance of an assay used in formulating the
biomarker; (ii) Qualification, which includes assessing available information regarding the
relationship of effects on biomarkers and effects on clinical efficacy measures; and (iii)
Utilization, which includes determining whether the validation and qualification provide
sufficient support for use of a biomarker in the context proposed. The Institute of Medicine
recognized the need for this third step on a per use basis because “the status of a biomarker
as a surrogate endpoint is context specific, and a biomarker cannot be assumed to be a
general surrogate endpoint”. For a specific intervention in a given clinical setting, suppose
the effect on a biomarker reliably predicts the effect on a clinical efficacy endpoint. This
“validity of surrogacy” for evaluating clinical efficacy cannot be extrapolated to another
intervention in that clinical setting if the interventions differ (i) in the magnitude and
duration of their effects on the causal pathway of the disease process that is captured by the
biomarker, or (ii) in how they affect causal pathways of the disease process not captured by
the biomarker, or (iii) in their off-target effects. Furthermore, the “validity of surrogacy” for
evaluating the effect of a specific intervention in one clinical setting cannot be assumed to
hold in another clinical setting if there are differences across settings in either the on-target
or the off-target effects ofthe intervention.

Using biomarkers as surrogate endpoints often is motivated by interests to reduce the size
and duration of definitive clinical trials, with the hope that this will allow more timely
evaluation of the benefit-to-risk profile of experimental interventions, and an improved
ability to offer patients another choice in their clinical care. However, a rigorous evidence
based justification should be provided in any setting where use of biomarkers as surrogate
endpoints is proposed because the scientific evaluation of benefit and risk needs to be valid
and reliable as well as timely. More important than offering patients a choice is offering
them an informed choice.
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Figure 1.
Illustrations where the biomarker is not in a causal pathway of the disease process, reducing
the likelihood it could be shown to be a valid surrogate endpoint. “CEA” is
carcinoembryonic antigen; “PSA” is the prostate specific antigen; “Ca.” is cancer.
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Figure 2.
Illustrations where the disease process has multiple causal pathways, and the biomarker lies
in just one of those pathways. “MI” is myocardial infarction; “CGD” is chronic
granulomatous disease.
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Figure 3.
An illustration where the biomarker lies in a causal pathway of the disease process that is
impacted by the intervention, yet off target effects of the intervention reduce the likelihood
the biomarker would be a valid surrogate endpoint.
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Figure 4.
Results from the Normal Hematocrit Trial (18). The x-axis is the achieved level of
hematocrit %, after treatment. The dark bars represent percent deaths and the light bars
represent the percent of patients, for each level of hematocrit %. “RR” is relative risk.
“Hem” is hematocrit.
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Figure 5.
Data presented at the 15 June 2005 FDA Cardiovascular and Renal Drugs Advisory
Committee. For controlled trials evaluating antihypertensive agents, the treatment effect on
systolic blood pressure (x-axis) is plotted against the odds ratio for major cardiovascular
events (y-axis).

Fleming and Powers Page 17

Stat Med. Author manuscript; available in PMC 2013 November 10.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Fleming and Powers Page 18

Table 1

Categorization of Outcome Measures, according to Level of Evidence regarding Efficacy. Composite
Endpoints will be denoted by {brackets}.

Level 1 A true clinical efficacy measure
(When evidence establishing risk is acceptable in the context of evidence of benefit)

• Death

• {Death or Hospitalization}, in Heart Failure

• {Death, Lung Transplantation or Hospitalization for Pulmonary Arterial Hypertension} in PAH

• {Cardiovas Death, Stroke, or Symptomatic Myocardial Infarction}, in Acute Coronary Syndrome

• {Stroke or Systemic Embolic Event}, in Atrial Fibrillation

• Progression to EDSS 7 (i.e., becoming wheel chair bound), in Multiple Sclerosis

• 15 Letter Loss in Best Corrected Visual Acuity, in Age Related Macular Degeneration

• {Cough, Dyspnea, Chest Pain, or Fever (if defined as symptomatic warmth & chills)}, in Community-Acquired Bacterial
Pneumonia

• Pain or Loss of Joint Function, in Osteo-Arthritis or Rheumatoid Arthritis

• Symptomatic Bone Fractures

• Pain in the area of skin lesions, in Acute Bacterial Skin and Skin Structure Infections

Level 2 A validated surrogate (for a specific disease setting and class of interventions.)
(When interventions are safe, with strong evidence that risks from off target effects are acceptable)

• HbA1c for clinical effects on long term risk of microvascular complications, in T2DM

• {Death or Cancer Recurrence}, in Adjuvant Colorectal Cancer, with 5-Fluorouracil based regimens

• Systolic and Diastolic Blood Pressure, in Multiple Classes of Anti-hypertensives

• >40 meter improvements in 6 Minute Walk Distance, in Pulmonary Arterial Hypertension

• HIV infection, if the mechanisms of the HIV prevention intervention only reduce susceptibility rather than impacting disease
progression or infectiousness should infection occur

Level 3 A non-validated surrogate, yet one established to be ‘reasonably likely to predict clinical benefit’ (for a specific disease setting and class
of interventions)
(When interventions are safe, with evidence that risks from off target effects are acceptable)

• Large and Durable effects on Viral Load, in Some Treatment of HIV infection Settings

• Durable Complete Responses, in Some Hematologic Oncology Settings

• Large Effects on Progression-Free-Survival, in Some Solid Tumor Oncology Settings

Level 4 A correlate that is a measure of biological activity, but not established to be at a higher level.

• CD-4, in HIV infected patients

• Fever (if defined as elevated body temperature), in Community Acquired Bacterial Pneumonia

• Decolonization of VRE, in the Gastro-Intestinal Tract to prevent VRE bacteremia

• Decolonization of Staphylococcus aureus, in Preventing Wound or Bloodstream Infections

• Hematocrit levels, in Chemotherapy-Induced Anemia or in End Stage Renal Disease

• Antibody Levels and Cell Mediated Immune Responses, in Vaccines for Prevention of HIV

• Urine GAG and Urine KS, in Rare Disease Settings such as MPS-I, MPS-II and MPS-IV

• PSA levels or Prostate Cancer Biopsy, in Prevention of Prostate Cancer Symptoms or Death

• Detecting Asymptomatic Ulcers on Endoscopy, in Prevention of Symptomatic Ulcers

• FEV-1 and FVC, in Pulmonary Diseases

• Silent Myocardial Infarction, in Cardiovascular Disease
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• Asymptomatic Fracture Rate, in Prevention of Symptomatic Disease

• Negative Cultures & Polymerase Chain Reaction Tests, in Treating Various Infectious Diseases

*
In Table 1, EDSS is ‘expanded disability status scale score’; T2DM is ‘type 2 diabetes mellitus’; VRE is ‘vancomycin resistant enterococci’; PSA

is ‘prostate specific antigen’; FEV-1 is ‘forced expiratory volume in 1 second’; FVC is ‘forced vital capacity’; MPS is ‘mucopolysaccharidosis’
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