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Definition
A biomarker used to show that a biological response, potentially beneficial or harmful, has occurred in an 
individual who has been exposed to a medical product or an environmental agent.

• Pharmacodynamic biomarker: A response biomarker that indicates biologic activity of a medical product 
or environmental agent without necessarily drawing conclusions about efficacy or disease outcome or 
necessarily linking this activity to an established mechanism of action. Potential uses of a 
pharmacodynamic biomarker include establishing proof-of-concept, assisting in dose selection or 
measuring a response to medical products or environmental agents, including the use as a measure of 
potential harm. In some cases, such measures may be secondary endpoints in clinical trials and may be 
described in labeling.

• Surrogate endpoint biomarker: A response biomarker that is an endpoint used in clinical trials as a 
substitute for a direct measure of how a patient feels, functions, or survives. A surrogate endpoint does not 
measure the clinical benefit of primary interest in and of itself, but rather is expected to predict that 
clinical benefit or harm based on epidemiologic, therapeutic, pathophysiologic, or other scientific 
evidence.

From a U.S. regulatory standpoint, surrogate endpoints and potential surrogate endpoints can be characterized 
by the level of clinical validation:

• validated surrogate endpoint
• reasonably likely surrogate endpoint
• candidate surrogate endpoint

Examples
The use of a biomarker as a pharmacodynamic biomarker or surrogate endpoint depends on its specific context 
of use, as demonstrated by the examples below:

Pharmacodynamic biomarkers
• Circulating B lymphocytes may be used as a pharmacodynamic biomarker when evaluating patients with 

systemic lupus erythematosus to assess response to a B-lymphocyte stimulator inhibitor (Stohl and Hilbert 
2012).



• Sweat chloride may be used as a pharmacodynamic biomarker when evaluating patients with cystic 
fibrosis, to assess response to cystic fibrosis transmembrane regulator (CFTR) potentiating agents 
(Durmowicz et al. 2013; Mayer-Hamblett et al. 2016).

• International normalized ratio (INR) may be used as a pharmacodynamic biomarker when evaluating a 
patient’s response to warfarin treatment for prevention of thrombosis (Holbrook et al. 2012).

• Urinary level of glycosaminoglycans may be used as a pharmacodynamic biomarker when evaluating the 
response to enzyme replacement therapy for patients with mucopolysaccharidosis type 1 (Jameson et al. 
2016).

• Left ventricular ejection fraction may be used as a pharmacodynamic biomarker when evaluating the 
influence of extracorporeal membrane oxygenation (ECMO) on cardiac function (Kimball et al. 1991).

• Fluoroestradiol F 18 levels visualized by positron emission tomography (PET) may be used as a 
pharmacodynamic biomarker to detect the response of estrogen receptor (ER)-positive lesions to 
endocrine therapy in patients with recurrent or metastatic breast cancer (Liao et al. 2016).

• Phospho-AKT levels may be used as a pharmacodynamic biomarker to measure inhibition of downstream 
PI3K signaling as a response to anti-cancer PI3K inhibitors in paired tumor samples when evaluating 
target engagement of these drugs (Morschhauser et al. 2020).

• High-sensitivity C-reactive protein, interleukin-6, fibrinogen, soluble intercellular adhesion molecule-1) 
and an oxidative stress biomarker (F2-isoprostane), maybe used as pharmacodynamic biomarkers when 
evaluating inflammation associated with former or current use of tobacco or ENDS (Electronic Nicotine 
Delivery Systems) (Christensen et al. 2021).

Surrogate endpoints
• Hemoglobin A1c (HbA1c) reduction is a validated surrogate endpoint for reduction of microvascular 

complications associated with diabetes mellitus and has been used as the basis for approval of drugs 
intended to treat diabetes mellitus (American Diabetes Association 2016).

• HIV-RNA reduction is a validated surrogate endpoint for human immunodeficiency virus (HIV) clinical 
disease control and has been used as the basis for approval of drugs intended to treat HIV (DHHS Panel 
on Antiretroviral Guidelines for Adults and Adolescents 2019).

• Low-density lipoprotein (LDL) cholesterol reduction is a validated surrogate endpoint for reduction of 
cardiovascular events and has been used as the basis for approval of statins and other LDL-lowering drugs 
such as PCSK9 inhibitors and ezetimibe. (Stone et al. 2014).

• Blood pressure reduction is a validated surrogate endpoint for reduction in rates of stroke, myocardial 
infarction, and mortality and has been used as the basis for the approval of drugs and in pivotal trials of 
medical devices intended to treat hypertension (James et al. 2014).

• Biochemical evidence of a clinically significant degree of improvement in alkaline phosphatase (ALP) at 
12 months demonstrated in adequate and well controlled studies has been considered a reasonably likely 
surrogate endpoint to predict decreased risk of liver transplant or death and has supported/ been the basis 
for evaluating the efficacy for an accelerated approval of a drug to treat adults with primary biliary 
cirrhosis (Murillo Perez et al. 2020; Lammers et al. 2014).

• Outcome following 6-month of treatment (i.e., sputum culture status and infection relapse rate) have been 
considered a reasonably likely surrogate endpoint to predict the resolution of pulmonary tuberculosis and 
have supported accelerated approval of drugs to treat tuberculosis. (Meyvisch et al. 2018)

• For more examples of reasonably likely and validated surrogate endpoints see the Table of Surrogate 
Endpoints That Were the Basis of Drug Approval or Licensure (U.S. Food and Drug Administration 2021)

Explanation
A response biomarker is used to show that a biological response, potentially beneficial or harmful, has occurred 
in an individual who has been exposed to a medical product or an environmental agent. A pharmacodynamic 
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biomarker is a response biomarker that indicates biological activity of a medical product or environmental agent 
without necessarily drawing conclusions about efficacy or disease outcome or necessarily linking this activity to 
an established mechanism of action. It is often very difficult to statistically power an early phase clinical trial to 
demonstrate a meaningful change in a clinical outcome, and many clinical outcomes require a long period of 
time before a meaningful change can be demonstrated. Pharmacodynamic biomarkers may be useful to establish 
proof-of-concept, i.e. that a medical product produces a pharmacologic response in humans. This information 
can be used to more specifically guide dose-response studies to determine which doses should be considered in 
trials that evaluate a clinical outcome. For example, B-lymphocyte suppression has been used to find doses of B-
lymphocyte targeted therapies required to maximally reduce this cell population, which is presumed to underlie 
the clinical benefits of these drugs in treating cancer. Pharmacodynamic biomarkers can provide evidence of 
target engagement; however, it may not always be possible to separate the direct biological effect of an agent 
from spontaneous changes in disease or medical condition.

An important use of response biomarkers is as Biomarkers of Potential Harm (BOPH), which measure effects 
consistent with harm due to exposure. These include early biological effects, alterations in morphology, 
structure, or function, and clinical symptoms (Stratton et al. 2001). An emerging application of BOPH is as 
response biomarkers for assessing potential health risks of new and novel tobacco products in the absence of 
long-term epidemiological evidence. A set of biomarkers, rather than a single biomarker, may be necessary to 
represent the multiple mechanisms by which tobacco causes diseases (Chang et al, 2019).

Response biomarkers that are intended to predict a clinical benefit in clinical trials may be considered as 
candidate, reasonably likely, or validated surrogate endpoints depending on the level of evidence.

Outside of medical product development, response biomarkers can also be used in clinical care settings. The 
main utility of response biomarkers in clinical practice is to guide dosing or continued use of a medical product. 
For example, the biomarker HbA1c is used to evaluate diabetes control following treatment with an 
antihyperglycemic agent. Such biomarkers may be used to gauge the level of response so that individual drug 
doses can be altered, or to identify whether therapies need to be added, subtracted, or replaced. Similarly, 
biomarkers of coagulation are used to monitor warfarin therapy and adjust doses so that the biomarkers are kept 
within specific ranges. Because these biomarkers have been shown to correlate with clinical outcomes in atrial 
fibrillation, measuring coagulation parameters and adjusting warfarin doses can reduce the likelihood of 
bleeding complications and decrease the likelihood of stroke. In almost all cases in the clinical setting, response 
biomarkers are monitored because there is, or is thought to be, a link between the biomarker and clinical 
outcomes.
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