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Biomarkers and surrogate endpoints:
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framework
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Technologies used in sequencing of the human
genome are dramatically reshaping the research and
development pathways for drugs, vaccines, and diag-
nostics. The growth in the number of molecular enti-
ties entering the drug development pipeline has accel-
erated as a consequence of powerful discovery and
screening technologies such as combinatorial chem-
istry, mass spectrometry, high throughput screening,
cell- and tissue-based DNA microarrays, and proteomic
approaches.! As a consequence, there is an escalating
number of therapeutic candidates, which has caused the

Group members and affiliations are listed at the end of the article.

Portions of this article were previously published as a conference
proceedings report: Downing GJ, editor. Biomarkers and surrogate
endpoints: clinical research and applications. Amsterdam: Elsevier
Scientific; 2000. p. 1-7.

Clin Pharmacol Ther 2001;69:89-95.

Received for publication Nov 14, 2000; accepted Dec 31, 2000.

Reprint requests: Gregory J. Downing, DO, PhD, Office of Science
Policy, NIH, Bldg 1, Rm 218, One Center Drive, Bethesda, MD
20892.

E-mail: downingg@od.nih.gov

13/1/113989

doi:10.1067/mcp.2001.113989

need for new technologies and strategies to streamline
the process to make safe and effective therapies avail-
able to patients.

One approach to the achievement of more expeditious
and informative therapeutic research is the use of pre-
cise clinical measurement tools to determine disease
progression and the effects of interventions (drugs,
surgery, and vaccines). For example, gene-based
approaches such as single nucleotide polymorphism
maps are now being developed to distinguish the molec-
ular and cellular basis for variations in clinical response
to therapy.2 Another approach is the use of a wide array
of analytical tools to assess biological parameters, which
are referred to as biomarkers. Biomarker measurements
can help explain empirical results of clinical trials by
relating the effects of interventions on molecular and
cellular pathways to clinical responses. In doing so, bio-
markers provide an avenue for researchers to gain a
mechanistic understanding of the differences in clinical
response that may be influenced by uncontrolled vari-
ables (for example, drug metabolism).

There are a variety of ways that biomarker measure-
ments can aid in the development and evaluation of
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novel therapies.3 In the initial investigations of thera-
peutic candidates in humans, biomarkers can provide a
basis for the selection of lead compounds for phase 3
clinical trials.3-5 Biomarkers contribute knowledge
about clinical pharmacology and provide a basis for the
designing of clinical trials that expeditiously and defin-
itively evaluate safety and efficacy. Biomarkers provide
information for guidance in dosing and minimize
interindividual variation in response. For example, rapid
clearance of 9°mTc-sestamibi, a substrate for P-glyco-
protein that is associated with multidrug resistance, has
been shown to predict lack of tumor response to adju-
vant chemotherapy in some forms of breast cancer.® Bio-
markers that represent highly sensitive and specific indi-
cators of disease pathways have been used as substitutes
for outcomes in clinical trials when evidence indicates
that they predict clinical risk or benefit.

Assessment of benefit and risk must be the goal of
the development plan for all therapeutic interventions.
The most reliable way to assess the clinical impact of a
therapeutic intervention (eg, drug, device, surgery, vac-
cine, biologic agent, and behavioral modality) is through
its effect on a well-defined clinical endpoint such as sur-
vival, myocardial infarction, stroke, bone fracture, or
recurrence of cancer. However, this standard may be
impractical for the evaluation of some long-term disease
therapies because long periods are required for these
clinical endpoints to be achieved and trials with large
numbers of patients are needed for their evaluation.
Biomarkers that can be reliable substitutes for clinical
responses have the potential to improve the efficiency of
clinical trials in which long-term disease interventions
are evaluated. Biomarkers can be substituted reliably for
clinical responses. In other cases, reliable biomarkers
have been used as substitutes for clinical endpoints in
decision-making situations when a devastating clinical
outcome, such as death, represents an ethical dilemma.
In recent years, this point has been illustrated in phar-
macokinetic studies in which biomarkers such as human
immunodeficiency virus (HIV) plasma viral load and
CD4 cell counts were used as substitutes for clinical out-
comes (for example, death and occurrence of oppor-
tunistic infections) in the evaluation of antiviral agents
in patients with HIV infection.”-9

Accompanying the increased knowledge about bio-
markers is an increased appeal of the use of biomark-
ers as substitutes for clinical outcomes in other dis-
eases. This interest is countered by concerns about the
inherent limitations of biomarkers that have been shown
by some dramatic failures.10.11 Among the most notable
of these failures is the demonstration by the Cardiac
Arrhythmia Suppression Trial (CAST) that suppression
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of ventricular arrhythmias is not a valid substitute for
sudden death after myocardial infarctions.!2 This
showed that considerable skepticism about conven-
tional wisdom should accompany the adoption of bio-
markers as a substitute for outcomes as the basis for
approval of a novel therapy. When biomarkers are
intended to be the basis for provisional evaluation and
regulatory approval of a drug, they also must be a com-
ponent of a predetermined strategy that recognizes
inability of biomarkers to serve as final proof of clini-
cal efficacy or long-term safety. One strategy for the
requirement of a systematic approach with phase 4 tri-
als has recently been proposed for cardiovascular ther-
apies.!3 The reliance on biomarkers as substitutes for
outcomes in clinical trials is best justified when ade-
quate safety data are collected and when the results are
viewed clearly as a basis for a provisional evaluation
that ultimately should be superceded by evidence for
clinical benefit.

Despite the shortcomings, there has been long-stand-
ing clinical and regulatory acceptance of certain bio-
markers as substitutes for clinical endpoints as a basis
for drug approval. Reduction of elevated arterial blood
pressure has been used for decades to reflect the reduc-
tion in the incidence of stroke, congestive heart failure,
and subsets of cardiovascular death by antihypertensive
drugs.!4 Serum cholesterol level has served as a bio-
marker for the evaluation of 3-hydroxy-3-methylglu-
taryl coenzyme A reductase inhibitors that are used to
diminish the risk of coronary artery disease.!> Even in
this case, however, new evidence suggests that C-reac-
tive protein, a marker of inflammatory disease activity,
may have independent prognostic significance that
equals or is additive to that of serum cholesterol lev-
els.16 Now it appears that some of the protective effi-
cacy of 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors could result from the anti-inflammatory
effects of these drugs.!7 In some cases, reliance on bio-
markers that are prematurely accepted as substitutes for
clinical outcome may completely fail to show true ben-
efits of a candidate therapy. For example, in an investi-
gation of interferon gamma on recurrent infections in
patients with chronic granulomatous disease, an indi-
cator of phagocytic function failed to show therapeutic
effects.18 However, clear clinical benefit from inter-
feron gamma therapy was achieved as indicated by a
substantial reduction in serious infections.

With the anticipated growth in the use of biomark-
ers in clinical trials, discussions and policies that focus
on the use of biomarkers can be best served by a con-
sensus in the use of terminology.19 Many terms are used
to describe measurements of disease and treatment
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effects, such as biological markers, biomarkers, surro-
gate markers, surrogate endpoints, intermediate end-
points, and other terms that have overlapping meanings.
This ambiguity stems from the involvement of a vari-
ety of disciplines (eg, clinical trialists, statisticians, reg-
ulators, and therapeutic developers) and different clini-
cal research applications. To improve communication
about this topic, an expert working group was convened
by the National Institutes of Health and charged to pro-
pose terms, definitions, and a conceptual model.

DEFINITIONS

The following terms, definitions, and characteristics
were proposed to describe biological measurements in
therapeutic development and assessment.

Biological marker (biomarker): A characteristic
that is objectively measured and evaluated as an
indicator of normal biological processes, patho-
genic processes, or pharmacologic responses to a
therapeutic intervention.

Biomarkers may have the greatest value in early effi-
cacy and safety evaluations such as in vitro studies in
tissue samples, in vivo studies in animal models, and
early-phase clinical trials to establish “proof of con-
cept.” Biomarkers have many other valuable applica-
tions in disease detection and monitoring of health sta-
tus. These applications include the following:

* use as a diagnostic tool for the identification of
those patients with a disease or abnormal condi-
tion (eg, elevated blood glucose concentration for
the diagnosis of diabetes mellitus)

* use as a tool for staging of disease (eg, measurements
of carcinoembryonic antigen-125 for various can-
cers) or classification of the extent of disease (eg,
prostate-specific antigen concentration in blood used
to reflect extent of tumor growth and metastasis)

* use as an indicator of disease prognosis (eg,
anatomic measurement of tumor shrinkage of cer-
tain cancers)

* use for prediction and monitoring of clinical
response to an intervention (eg, blood cholesterol
concentrations for determination of the risk of
heart disease).

Clinical endpoint: A characteristic or variable that
reflects how a patient feels, functions, or survives.

Clinical endpoints are distinct measurements or
analyses of disease characteristics observed in a study
or a clinical trial that reflect the effect of a therapeutic
intervention. Clinical endpoints are the most credible
characteristics used in the assessment of the benefits
and risks of a therapeutic intervention in randomized
clinical trials.
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Surrogate endpoint: A biomarker that is intended
to substitute for a clinical endpoint. A surrogate
endpoint is expected to predict clinical benefit (or
harm or lack of benefit or harm) based on epidemi-
ologic, therapeutic, pathophysiologic, or other sci-
entific evidence.

Surrogate endpoints are a subset of biomarkers.
Although all surrogate endpoints can be considered bio-
markers, it is likely that only a few biomarkers will
achieve surrogate endpoint status. The term surrogate
endpoint applies primarily to endpoints in therapeutic
intervention trials; however, it may sometimes apply in
natural history or epidemiologic studies. It is important
to point out that the same biomarkers used as surrogate
endpoints in clinical trials are often extended to clinical
practice in which disease responses are similarly mea-
sured. The use of biomarkers as surrogate endpoints in a
clinical trial requires the specification of the clinical end-
points that are being substituted, class of therapeutic
intervention being applied, and characteristics of popu-
lation and disease state in which the substitution is being
made. The term surrogate literally means “to substitute
for”; therefore use of the term surrogate marker is dis-
couraged because the term suggests that the substitution
is for a marker rather than for a clinical endpoint.

The use of surrogate endpoints to establish therapeu-
tic efficacy in registration trials is an established con-
cept that has been addressed in regulation that enables
the US Food and Drug Administration (FDA) to grant
accelerated marketing approval for certain therapeu-
tics.20 This regulation states the following20:

Approval based on a surrogate endpoint or on an
effect on a clinical endpoint other than survival or irre-
versible morbidity. FDA may grant marketing approval
for a new drug product on the basis of adequate and
well-controlled clinical trials establishing that the drug
product has an effect on a surrogate endpoint that is
reasonably likely, based on epidemiologic, therapeu-
tic, pathophysiologic, or other evidence, to predict clin-
ical benefit or on the basis of an effect on a clinical
endpoint other than survival or irreversible morbidity.
Approval under this section will be subject to the
requirement that the applicant study the drug further,
to verify and describe its clinical benefit, where there
is uncertainty as to the relation of the surrogate end-
point to clinical benefit, or of the observed clinical ben-
efit to ultimate outcome. Postmarketing studies would
usually be studies already underway. When required to
be conducted, such studies must also be adequate and
well controlled. The applicant shall carry out any such
studies with due diligence.20

A recent summary in which the status of surrogate end-
points in the clinical trials of cardiovascular therapies was
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Fig 1. Conceptual model of the relationship of biomarkers, surrogate endpoints, and the process of

evaluating therapeutic interventions.

addressed provided a perspective on the controversies
regarding this strategy for regulatory approval.2! The def-
initions provided here are consistent with this perspec-
tive and the use of the terms in the regulation.

CONCEPTUAL MODEL FOR BIOMARKERS
AND SURROGATE ENDPOINTS

When the measurement of a biomarker is considered
in the evaluation of a response to therapeutic interven-
tion, it is important to identify the purpose that the bio-
marker serves in the drug development and evaluation
process. A conceptual model was developed to show
the relation of a biomarker to a clinical endpoint and
the application of the biomarker as surrogate endpoint
in the evaluation of therapeutic interventions (Fig 1).
The model also shows that biomarkers may be useful
in the assessment of safety, as well as efficacy.22.23
Some biomarkers (eg, blood pressure) may have dual
functions by assessing efficacy and safety.

A subset of biomarkers, represented by a quadrant of
the biomarker circle, may achieve surrogate endpoint
status. Characterization of a biomarker as a surrogate
endpoint requires it to be “reasonably likely, based on
epidemiologic, therapeutic, pathophysiologic or other
evidence, to predict clinical benefit.”20 The utility of a
biomarker as a surrogate endpoint requires demonstration
of its accuracy (the correlation of the measure with the
clinical endpoint) and precision (the reproducibility of the
measure). Controlled clinical trials that evaluate the effect
of a therapeutic intervention on a surrogate endpoint and

provide evidence for its safety form the basis of a provi-
sional evaluation of the intervention. When regulatory
standards are met, approval of a new drug application may
be based on this provisional evaluation. The term provi-
sional indicates that this evaluation has not directly
addressed the effect of the intervention on clinical out-
comes and connotes an expectation that further evidence
of the efficacy and safety of the therapeutic intervention
will be acquired.

The assessment of clinical endpoints in controlled
clinical trials provides the most convincing evidence
for the benefit of an intervention. Information on safety
may be derived both from controlled trials and from
observational investigations in larger populations. The
acquisition of evidence that directly supports the effi-
cacy of a therapeutic intervention, together with the
accrued information on safety, will then provide an
assessment of benefit and risk, which is described in
the FDA regulation20 as ultimate outcome. For many,
if not most, therapeutic interventions, the assessment
of benefit and risk is not a one-time evaluation but
rather a process that evolves with the accrual of knowl-
edge about the actual consequences that derive from the
therapeutic intervention.

EVALUATION OF THE LINKAGE OF THE BIO-
MARKER TO A CLINICAL ENDPOINT

In certain instances in which an intervention has been
shown to have a benefit on a clinical endpoint, it may be
of interest to evaluate retrospectively how well a surro-



CLINICAL PHARMACOLOGY & THERAPEUTICS
VOLUME 69, NUMBER 3

Therapeutic Affects

Intervention

.
.
.

Bmmarker

i
.
. .
------------

Biomarkers Definitions Working Group 93

Measured to

—~——————J Clinical
Substitute for

v Endpoint

B
0
ot
K
o

3
ot
0
ot

Beneficial or Harmful Effects
Not Measured by a Biomarker

Fig 2. Effects of therapeutic interventions on biomarkers and clinical endpoints in clinical trials. In
many circumstances, a therapeutic intervention will affect a clinical endpoint in a way that is not
entirely accounted for by its effect on a biomarker. This is likely to occur in complex diseases in which
a single biomarker may capture only a portion, or none, of the treatment effect. Interventions may
also have unanticipated adverse consequences that diminish or completely offset the intended thera-
peutic benefits. The independent impact of these unanticipated beneficial or harmful effects of an
intervention on clinical endpoints is represented by the broken arrow. Those biomarkers that do not
account for a sufficient proportion of the treatment effect do not advance to surrogate endpoint status.

gate endpoint predicted that clinical outcome. The
process of retrospectively linking a surrogate endpoint
to a clinical endpoint has often been referred to as vali-
dation. This term is often used to reflect a significant sta-
tistical correlation; however, in this case it is considered
that causal or mechanistic associations of the interven-
tion with the disease process supports the consideration
of a biomarker as a surrogate endpoint. In addition, the
term validation is also often used to address perfor-
mance characteristics (ie, sensitivity, specificity, and
reproducibility) of a measurement or an assay tech-
nique. Importantly, a declaration that a surrogate end-
point is valid connotes that its validity is generalizable
to include other interventions that affect the surrogate
endpoint. Although such generalizations may be useful
in the case of surrogate endpoints for certain diseases,
such as HIV messenger ribonucleic acid viral load
responses to highly-active antiretroviral therapy, there
are other cases, such as the use of bone mineral density
as a surrogate endpoint for osteoporosis therapies, for
which there are limitations on the extent to which a cor-
relation between surrogate endpoint and clinical end-
point for one intervention may be extrapolated to other
classes of therapy. The use of the term valid implies that
such limitations do not exist. For all of these reasons,
the term validation is unsuitable for the description of
the process of linking biomarkers to clinical endpoints,
and the process of determining surrogate endpoint sta-
tus is referred to as evaluation.

One approach used for the establishment of the link-
age of a biomarker to a clinical endpoint is the estima-
tion of proportion of treatment effect that is accounted
for by the surrogate endpoint.24:25 There are several

ways to make this determination,26 the most stringent
of which requires a valid surrogate endpoint to account
for all of the effects of the intervention on the clinical
endpoint.2? One approach used was the meta-analysis
of treatment effects on the same biomarker in a series
of trials in which different classes of therapies that
affected the same clinical endpoint were used.28:29

The major concern about the use of biomarkers as
surrogates for clinical endpoints is that in most circum-
stances not all treatment effects are fully accounted for
by a single biomarker (Fig 2). The possible outcomes
and concerns of reliance on a surrogate endpoint in
decision making about efficacy and safety of therapeu-
tic interventions have recently been reviewed.!l
Because evaluation of the qualities and characteristics
of putative surrogate endpoints requires consideration
of many factors, including the nature of the disease and
the mechanism of action of the therapeutic interven-
tion, it is not possible to describe uniform criteria that
will apply to each application of a surrogate endpoint
for each disease. Finally, the use of multiple biomark-
ers that represent various components of complex dis-
ease pathways may yield surrogate endpoints that offer
a more comprehensive assessment of treatment effects.

CONCLUSIONS

Biomarkers serve a wide range of purposes in drug
development, clinical trials, and therapeutic assessment
strategies. Biomarkers can provide a basis for the selec-
tion of lead candidates for clinical trials, for contribution
to the understanding of the pharmacology of candidates,
and for characterization of the subtypes of disease for
which a therapeutic intervention is most appropriate.
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Given this scenario, there are minimal public health con-
sequences of an inaccurate reliance on a biomarker.
Robust linkage of a biomarker with a clinical endpoint
is not essential in early clinical development when the
goal is confirmation of pharmacologic activity or opti-
mization of dose regimens. Reliance on a biomarker for
candidate selection entails the hazard that failure of a bio-
marker may lead to the elimination of potentially effec-
tive agents. On the other hand, substantial evidence that
a biomarker will predict clinical benefit or risk is needed
when use of the biomarker as a surrogate endpoint is pro-
posed as the basis for regulatory approval. In this case,
erroneous decisions based on invalid surrogate endpoints
may have broad public health consequences.!! As a result,
attendant safeguards are provided that stipulate acceler-
ated market withdrawal procedures for drug approval
based on the accelerated approval provisions of the FDA.
The evaluation of disease intervention strategies can
be facilitated and strengthened by the use of appropriate
biomarkers that measure biological parameters of dis-
ease and therapeutic response in humans. The realiza-
tion of the potential benefits that surrogate endpoints can
bring in expediting of the development of safe and effec-
tive therapies will require an increased understanding of
the linkage of biomarkers to clinical endpoints and will
necessitate high levels of scientific scrutiny and rigor.
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