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Biomarkers in Migraine

Biomarkers in Migraine: Their Promise, Problems,
and Practical Applications

Elizabeth Loder, MD, FACP; Paul Rizzoli, MD

Biomarkers are physical signs or laboratory measurements that “occur in association with a pathological process
and have putative diagnostic and/or prognostic utility.” Biomarkers hold considerable promise for understanding
and intervening in the disease process of migraine. They may permit recognition of individuals at risk of developing
migraine, improve the timing, accuracy, and precision of migraine diagnosis, and serve as indicators of treatment
response and disease progression. Furthermore, they hold great promise for research. At the same time, there are
important limitations to the use of biomarkers in migraine, including problems with validity, reliability, accuracy,
and precision. Legal, ethical, and cost considerations are also important. This review describes the potential uses
and limitations of biomarkers in migraine diagnosis, treatment, and research.
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Biomarkers are objective physical attributes that

can be used to characterize and differentiate the bi-

ology of diseases and syndromes. Thus, among many

other possibilities, a migraine biomarker might be a

blood, urine, muscle, nerve, skin, or cerebrospinal fluid

test result, a gene or gene product, an x-ray, magnetic

resonance or computed tomographic imaging finding,

or a characteristic pattern of electrical measurements

generated on an electrocardiogram, electroencephalo-

gram, or nerve conduction study. In short, a biomarker

might be anything that can be detected, measured, and

described in terms of physical qualities such as height,

weight, depth, voltage, luminescence, resistance, vis-

cosity, width, length, volume, or area. Although many

definitions for the term biomarker have been pro-
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posed, for the purposes of this article and this special

section of the journal, we adhere to the following:

“A biomarker is a physical sign or laboratory mea-

surement that occurs in association with a pathological

process and has putative diagnostic and/or prognostic

utility.”1

Biomarkers have seen wide application in a num-

ber of medical fields. For example, variant alleles of the

apolipoprotein E gene can predict an increased risk of

Alzheimer’s disease, thyroid stimulating hormone lev-

els are used both to diagnose thyroid disorders and

monitor treatment response, and forced expiratory

volume measurements are followed as a surrogate end-

point in asthmatics.2-4 Almost invariably, a combina-

tion of biomarkers will be more useful than any single

marker: the classic triad of elevated blood pressure,

proteinuria, and hyperreflexia in a pregnant woman is

strongly associated with pre-eclampsia, whereas each

element of the triad occurring alone can be associated

with a wide variety of other diagnostic possibilities.5
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The migraine field is notable for its paucity of

clinically useful biomarkers. In fact, current diag-

nostic criteria for migraine require the absence of

any headache-related physical or neurological abnor-

mality, thus defining migraine by the lack of any

biomarker.6 In view of expanding knowledge, this is

unlikely to remain tenable. This article reviews gen-

eral issues regarding the use of biomarkers as they

relate specifically to migraine. These include types of

biomarkers, and their potential use for migraine di-

agnosis, prognosis, and prediction and monitoring of

treatment response. This article also will consider the

application of biomarkers in migraine research, and

discuss practical, legal, and ethical issues arising from

their use.

Types and Categories of Biomarkers.—Biomar-

kers can be divided into a number of different cat-

egories or types. For example, biomarkers are often

broadly divided into “biomarkers of exposure” or

“biomarkers of disease.” Another way of grouping

biomarkers is to divide them into categories based on

what the marker actually measures, such as a gene, an

imaging pattern, a physical measurement, or proteins

or protein patterns in various body fluids.

Biomarkers of Exposure and Disease.— Biomark-

ers of exposure are often referred to as “antecedent

biomarkers” because they measure factors that are

present before the disease, in this case migraine, de-

velops. Antecedent biomarkers increase or decrease

the risk of migraine, although they may not be ei-

ther necessary or sufficient to cause it, and fur-

thermore may not be directly involved in migraine

causation.

In contrast, biomarkers of disease are measure-

ments or surrogate markers that provide an indication

of the presence or progress of migraine. They can be

used for screening, for case finding and diagnosis, or for

prediction and tracking of disease course or treatment

response. Biomarkers of disease will be especially im-

portant for the future of migraine treatment, because

it is now clear that migraine is not a single disorder but

rather a cluster of several important headache sub-

types, each with a different natural history and each

requiring different treatment. (The various forms of

familial hemiplegic migraine, for example, are some of

these subtypes.) One important question that has not

been investigated is whether migraine traits, even in

the absence of headache expression, might contribute

to the risk for associated problems, such as depression

or stroke.

In any case, biomarkers of exposure would help

identify persons at elevated risk of developing mi-

graine. If it were possible to accurately determine who

is at risk of severe, prolonged disability from migraine,

it might make sense to treat those persons sooner

rather than later once the disease develops, or even

to institute pre-emptive measures before symptoms

develop. Not enough is known yet about the natural

history of migraine to be certain, but analogies with

other diseases suggest that there may be a “window

of opportunity” during which treatment will be most

effective.7 Currently, relatively few patients with mi-

graine receive treatments known to be helpful for the

disorder, and in those who do, the threshold for initi-

ating treatment is quite high. For some patients, this

may be too late.8

From a public health point of view, successful mi-

graine pre-emptive strategies, or strategies that de-

layed its onset, could have large societal benefits, but

the benefits to any one treated person might be small

or nonexistent, and any treatment harms would have

to be correspondingly insignificant. No combination

of biomarkers will ever be perfect in determining risk:

some people flagged as “susceptible” ultimately will

not develop migraine even if untreated. Relatively

complex, lengthy trials would be necessary to define

gradations of risk, to identify the optimal type, timing,

and duration of pre-emptive treatment, and to evalu-

ate financial and nonfinancial harm to benefit ratios.

Ultimately it may make sense to treat only those at

high risk of developing very severe or disabling forms

of the disorder, but we are a long way from being able

to identify those individuals.

A high standard of proof is necessary to advocate

anticipatory treatment of otherwise healthy, asymp-

tomatic people, particularly for a disorder that, like

migraine, is not life threatening.9 Even more certainty

about the harm to benefit ratio of an intervention

would be necessary in the case of migraine, since the

target population for pre-emptive treatment efforts

largely would be comprised of young women of child-

bearing age.
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This careful attitude probably should extend also

to nondrug interventions, even seemingly harmless

“lifestyle” recommendations about diet or exercise.

One expert, speaking about cancer prevention ef-

forts, has pointed out that, “The lessons learned

from chemoprevention trials include the realization

that ‘everything comes with its own baggage. . .that’s

certainly true when it comes to any medication or

even seemingly innocuous things, such as vitamins’.

And to ensure that all adverse effects of chemopre-

ventive agents are detected, randomized controlled

trials need to be carefully monitored and of suffi-

cient duration. . .It’s essential to develop agents that

target known molecular pathways and which are

nontoxic. . .we’re talking about treating healthy pop-

ulations that will have to take these agents probably

for many years.”10

Categorical Biomarkers.—Genetic Biomarkers.

—Genetic markers are one class of antecedent

biomarker. Genetic polymorphisms are differences in

deoxyribonucleic acid (DNA) sequences that result

in variant phenotypes—for example, blond or brown

hair—and are common enough (population preva-

lence greater than 1%) that they must be the result of

natural selection. Polymorphisms are also referred to

as “variant alleles.” Genetic polymorphisms can result

from a number of different gene alterations, includ-

ing a change of a single nucleotide in a DNA se-

quence, in which case they are known as single nu-

cleotide polymorphisms (SNPs). SNPs are the most

common type of polymorphism.11 Polymorphisms are

distinguished from deterministic genes, which cause

simple genetic, or Mendelian, forms of disease. As is

the case with many chronic diseases, most forms of mi-

graine are likely to be genetically complex, with many

different genes contributing to risk. It seems likely,

though, that all of these variations, whether they in-

crease or decrease vulnerability to migraine, will act

through just a few final common pathways. The dif-

ferent genes that are associated with familial hemi-

plegic migraine, for example, all appear to influence

neuronal cell membrane stability, although the mech-

anisms and phenotypes differ.12 This illustrates how

identification of genes involved in migraine vulnerabil-

ity should also help generate and confirm hypotheses

about migraine pathophysiology and increase the pace

of future biomarker discovery. Researchers can evalu-

ate putative migraine markers to see how they modify

the disease risk associated with known biomarkers. We

may discover, for instance, that a particular genotype

denotes an individual at special risk of developing mi-

graine only when exposed to certain environmental

factors or stresses.

So far, the few genetic markers identified for mi-

graine have not had a significant impact on classifica-

tion. As knowledge of migraine genetics increases over

the next few decades, though, changes in the headache

classification system are likely to be necessary as it be-

comes obvious that phenotypically defined forms of

migraine are heterogeneous. An alternative opinion,

expressed in the current version of the International

Classification of Headache Disorders (ICHD), is that

“the genetics of migraine may simply prove to be so

complex that, in daily practice and perhaps to some

extent in research, we shall continue with clinically

defined diagnoses.”6 In any case, while there may be a

few uncommon types of monogenic migraine, it seems

unlikely that there will ever be a single genetic test that

will yield a yes or no answer about common forms of

migraine.

Some genetic markers for migraine will turn out

to be intermediate biomarkers, which can be charac-

terized as direct or indirect steps in the causal pathway

of migraine that are related to its development but are

not the only determinant.13 For example, a particular

genetic polymorphism may cause migraine only in the

presence of another factor, such as a toxic or infectious

exposure. Such a polymorphism would be strongly re-

lated to migraine and in its causal pathway, but not its

only determinant.

Identification of genes associated with migraine is

best viewed as a necessary first step in the develop-

ment of clinically useful biomarkers. The correlation

between genetic profiles and migraine will be far from

perfect. Environmental factors are likely to account

for most of this phenotypic variability, but there are

also genetic and epigenetic factors that will play a role

as well. With regard to genetic factors, it is likely that

in addition to susceptibility genes, modifier genes for

migraine eventually will be identified. One author has

commented that, “Susceptibility genes and modifier

genes are 2 biologic phenomena that few clinicians
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should ignore in the genome era. . .Modifier genes

are distinct from susceptibility genes, in that they are

genetic variants that affect the clinical manifestation

of disease (as opposed to liability).”14

An understanding of epigenetic changes also will

be important. Epigenetic changes are those in which

the genes themselves are not changed, but their ex-

pression or activity is altered.15 Epigenetic changes

are one way in which psychological experiences or

trauma, even remote events, particularly if they oc-

cur during important developmental stages, might in-

fluence the occurrence or activity of migraine. There

are a number of ways in which epigenetic changes can

occur. One common mechanism is methylation of re-

ceptors. One recent study found that infant rats re-

ceiving maternal licking and grooming were less stress

responsive in adulthood.16 The authors speculated that

these long-term consequences were caused by perma-

nent changes in glucocorticoid receptors in the hip-

pocampus that dampened the brain’s stress response

system. The proposed explanation was that during

this key period of development, licking, and groom-

ing decrease methylation of a promoter region of the

gluococorticoid receptor, which then silences specific

genes.

Gene expression also is regulated by microribonu-

cleic acids (microRNAs). These are proteins that con-

trol gene expression by degrading or repressing tar-

get messenger RNAs after transcription has taken

place.17 MicroRNAs can regulate large numbers of

target genes, and can be activated in various ways. Mi-

croRNA profiles currently are used to classify some

types of cancer.18

A significant barrier to traditional genetic re-

search has been the extremely large studies required

to identify the very small effects of susceptibility and

modifier genes. Migraine and other headache disor-

ders have been and always will be in direct competi-

tion with many other diseases for research resources.

There are encouraging signs that technological and

political advances will reduce genetic research costs

to a more feasible level. One author has commented

that, “The era of genome-wide association studies that

can efficiently evaluate most common genetic vari-

ants across the genome with several hundred thou-

sand markers is upon us, owing to the nearing comple-

tion of a very dense genetic map, known as the Inter-

national HapMap Project, and new high-throughput

genotyping technologies.”19 Already the cost of some

types of genetic studies has dropped significantly, due

to new technology. The director of the National Hu-

man Genome Research Institute recently suggested

that “for $3 million, scientists can identify 300,000

markers in 1000 people with a particular disease and

1000 healthy controls. . .enough statistical power to

find a gene that raises the risk of that disease by at

least 30%.”11 Furthermore, genetic data from existing

government-funded studies, such as the Framingham

Heart Study, will be available free of charge to other

scientists.

Proteomic and Metabolomic Biomarkers.—Not

just migraine genes, but the proteins they code for,

and their metabolites, will turn out to be important in

migraine expression. Pathophysiologic models of mi-

graine that are based on well-studied systems, such

as the serotonergic or dopaminergic systems, proba-

bly oversimplify matters. These models will have to

be reevaluated once genes involved in migraine, and

their products, have been identified. However, it is not

that simple, either, since a great deal depends upon

how and when these gene products are expressed. Es-

timates are that, at any particular time, only 15% of

genes are expressed.20 Not simply proteins, but pro-

tein and metabolite patterns that are associated with

various phases of acute migraine attacks or with spe-

cific headache disorders should be sought. Proteomics,

measurement of the complete set of proteins from a

genome, and metabolomics, measurement of the com-

plete set of metabolites in human tissues and fluids,

therefore hold much promise as a way to understand

the contributions of the various genes involved in

migraine. These patterns can be sought in body tis-

sues or fluids such as blood, urine, or cerebrospinal

fluid, with a goal of identifying what has been termed

a “disease fingerprint” or “disease signature” for

migraine.

New techniques allow isolation of typical pro-

tein or metabolite patterns from small fluid sam-

ples, and can provide very high diagnostic sensitiv-

ity and specificity.21 A complex computer software

program (The ProteinChip� Biomarker System) al-

ready is available that provides a biomarker-based
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classification scheme for prostate cancer, and one can

imagine something similar being developed for mi-

graine. The ProteinChip� program allows users to con-

trol test parameters depending upon “the clinical ques-

tion being addressed. For example, confirmatory tests

require high sensitivity, while screening tests require

high specificity.” In general, combinations or “batter-

ies” of biomarker tests improve sensitivity and speci-

ficity.22 Proteomic or metabolomic profiles might help

identify not only a particular type of headache disor-

der, but also the stage or phase of the illness or of an

individual attack.23

Physical and Physiologic Biomarkers.—

Electroencephalogram and electrocardiogram

findings, structural brain changes, and reproducible

tests of cerebellar function are just a few of the

physical and physiological measurements that might

serve as biomarkers of migraine, although in most

cases they are reflections of migraine and not its

cause. Many of these biomarkers have the advantage

of being relatively easy to measure and detect, and

in fact possess many of the qualities of the “ideal”

biomarker in that they are easy to obtain and there

is a large window of opportunity for collection or

measurement. Physiological differences between

migraine patients and controls may make possible

model-based methods for the prediction of migraine

or its treatment response that are easily applicable in

the clinical setting with a minimum of special testing

or equipment.24

Imaging Patterns.—Functional neuroimaging tech-

niques visualize patterns of regional brain activity.

Characteristic patterns of brain activity may serve as

biomarkers for migraine and other headache disor-

ders, in the same way that a particular pattern of

electrical activity can identify various types of seizure

disorders. Activation patterns may be helpful in pre-

dicting response to treatment, in addition to identify-

ing the type or stage of a disorder. Using radioligands,

it even may be possible to image receptors or cell path-

ways that are involved in migraine or its treatment.

These functional changes may mark either the mi-

graine state (that is, are detectable during an attack—

useful for diagnosis), or the migraine trait (present

interictally—useful for screening).25 In migraine, these

pathological patterns of activity are especially valuable

Table.—Potential Applications of Biomarkers in Migraine
Research and Treatment

Type of Biomarker Application

Biomarkers of exposure Identify those at risk of developing
migraine

Identify those at risk of migraine
complications

Biomarkers of disease Permit diagnosis at all stages of the
illness

Differentiate subtypes of migraine
Identify prognostic factors and

predict treatment response
Monitor migraine progression and

complications

as biomarkers because there are often no structural

lesions.

II. Potential Uses of Migraine Biomarkers.—
Several important roles can be envisioned for migraine

biomarkers, and are summarized in the Table. These

include (1) diagnostic uses; (2) research and clinical

trial applications; and (3) treatment uses.

Diagnostic Use of Migraine Biomarkers.—Mi-

graine is homogeneous enough in its presentation to

have been recognized as a distinct syndrome since an-

tiquity. No single feature permits a definite diagnosis,

but certain features in combination have diagnostic

reliability that obviates the need for further testing.

Despite this, not all migraine is the same: scratch the

surface, and it proves to be frustratingly heteroge-

neous. Not only does the clinical presentation of mi-

graine vary dramatically from one patient to the next,

it also can vary within an individual patient from one

headache to the next, over the lifespan, depending

upon the type or timing of treatment, or even depend-

ing upon the specific triggering event.

Furthermore, migraine attacks and migraine pa-

tients that are indistinguishable on the basis of clinical

features often respond differently to treatment, have

different triggers, and display a different natural his-

tory. There even may be subclinical forms of the disor-

der. Diagnostic criteria for migraine emphasize speci-

ficity over sensitivity, which enhances their research

value but reduces their clinical worth. The criteria

are cumbersome and relatively subjective. The lack of
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easily applied, objective tests that reliably confirm a

clinical suspicion of migraine may be one explanation

for the overuse of other tests that at least rule out alter-

native diagnoses. For these reasons, validated diagnos-

tic biomarkers of disease for migraine would undoubt-

edly find wide application and lead to improvement of

current severe deficiencies in migraine diagnosis.

Biomarkers may make precise, early diagnosis of

migraine possible, which will provide an opportunity

for intervention in earlier forms of the disease. Many

of the cautions discussed previously with regard to pre-

ventive treatment of susceptible individuals also apply

to individuals who are determined to have early stages

of migraine, except that since in this case we are deal-

ing with those who actually have manifested biological

evidence of the illness itself (not simply biological ev-

idence of risk) the standards required to accept some

treatment risk can be relaxed accordingly. A strong ar-

gument can be made that aggressive interventions or

lifestyle changes are defensible in the case of those

with a strong family history of severe, progressive

migraine.

However, we are not very advanced in our under-

standing of the natural history of migraine. One per-

suasive argument against aggressive early treatment is

that the natural history of migraine in most individu-

als is “benign,” with eventual regression of headache

frequency and severity.26 This change in phenotype,

though, does not necessarily reflect a reduction in risk

from other aspects of the disorder, and may not mit-

igate its previous or future harms.7 We do not know,

for instance, if regression of headaches also implies re-

gression of stroke risk or a reduction in risk for some

of the structural correlates of migraine that are only

now being identified. Judging treatment needs or re-

gression of a complex neurologic illness on the pres-

ence or absence of a single clinical symptom, headache,

may turn out to be unwise, particularly as we learn

more about the pathophysiology of migraine. Addi-

tionally, headache regression is not universal: some mi-

graineurs are severely affected well into old age, which

serves as a reminder that there may be factors associ-

ated with initiation of migraine and its transformation

or remission.27 Combinations of biomarkers will add

to the complexity of diagnosis, but eventually should

help sort out which of several possible disease evolu-

tion patterns is likely to apply in a particular patient.

Biomarkers of susceptibility, in particular, are very far

from being a clinical reality. Potential markers must

first be identified on the basis of retrospective stud-

ies in subjects who already have migraine, and then

be tested in studies of migraine-free subjects to assess

their ability to detect migraine vulnerability and onset

in healthy individuals.

Research and Clinical Trial Applications.—The

potential research benefits of migraine biomarkers are

enormous. Migraine biomarkers would help identify

homogeneous research populations, would improve

research into migraine pathogenesis, and would allow

identification of risk factors for migraine as well as fac-

tors related to treatment response, in addition to serv-

ing as trial endpoints. Biomarkers already are widely

used in treatment research for other diseases, notably

cancer. For example, a gene polymorphism that pre-

dicts benefit from trastuzumab has been identified,

and use of this drug is limited to patients with appropri-

ate markers.28 Since cancer therapy generally is quite

toxic, biomarkers help limit treatment side effects to

those most likely to obtain some compensatory bene-

fit. The same should prove true in migraine treatment.

The United States (US) Food and Drug Ad-

ministration (FDA) has recognized that the use of

biomarkers in clinical trials raises many issues. In

March 2005 the agency issued nonbinding recom-

mendations for the pharmaceutical industry regard-

ing pharmacogenomic submissions (not including pro-

teomic or metabolomic techniques). These guidelines

principally focus on pharmacogenetic tests related to

drug metabolism, some of which the document de-

scribes as having “well-accepted mechanistic and clini-

cal significance.” Others, though, “are not well enough

established scientifically to be appropriate for regula-

tory decison making.”29

The FDA guidance document distinguishes be-

tween two types of pharmacogenomic markers. Valid

biomarkers are those “which are measured in a test

system with well-established performance character-

istics” and for which “there is an established scien-

tific framework or body of evidence that elucidates

the physiologic, pharmacologic, toxicologic, or clinical

significance of the test results.” The example provided

in the document is that of variations in the CYP2D6
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enzyme, which are already reflected in some drug la-

bels. Observational or exploratory markers are those

which “alone, are insufficient for making regulatory

decisions.”29

The FDA subdivides the category of valid

biomarkers into “known valid biomarkers,” defined

as those “that have been accepted in the broad sci-

entific community” and “probable valid biomarkers,”

defined as those “that appear to have predictive value

for clinical outcomes, but may not yet be widely ac-

cepted or independently verified by other investi-

gators or institutions.” The document further com-

ments that a clinical trial may generate information

“sufficient to establish a significant association be-

tween a pharmacogenetic test result and clinical out-

comes” and that when this happens “the test result

represents a probable valid biomarker.” Although the

FDA does not require submission of exploratory phar-

macogenomic data, it strongly encourages voluntary

submission of such data “to support scientific con-

tentions related to dosing and dosing schedule, safety,

or effectiveness. . .to stratify patients. . .or to identify

patients at higher risk for an adverse event. . .”29

The FDA guidance document offers suggestions

for sponsors who want to incorporate pharmacoge-

nomic data into a drug label, in which case the test must

be integrated into the clinical trial with the intention

that it will appear in the label for (1) informational

purposes, for example to provide information on dose

adjustment based on drug metabolism genotype; or

(2) to guide treatment, for example used to choose a

dose, identify patients at risk of side effects, or identify

likely responders. In the latter case the FDA recom-

mends “codevelopment of the drug and the pharma-

cogenomic tests. . .and submission of complete infor-

mation on the test/drug combination. . .”29

Homogeneous Trial Populations.—The research

benefits of identifying homogeneous populations are

enormous, and this probably will be one of the most

important and earliest uses of migraine biomarkers.

It is difficult to distinguish the different types and

etiologies of migraine on the basis of purely subjec-

tive descriptions, no matter how detailed or thorough

they may be. Until quite recently, disease endpoints

for migraine have been defined mainly in concep-

tual terms, and attempts to operationalize the def-

inition in the form of structured diagnostic criteria

have been laudable but flawed. Currently, trial sub-

jects in most migraine studies are selected on the

basis of an ICHD migraine diagnosis, and trial re-

sults then are assumed to be generalizable to most

or all patients with migraine. ICHD criteria, though,

distinguish poorly or not at all among potentially

important subgroups of migraineurs whose disease bi-

ology and treatment responses may differ. These sub-

groups include migraineurs with early, middle, or late

stages of migraine, those with white matter lesions, and

those who have varying degrees of migraine frequency,

severity, or comorbidity. In fact, some of those sub-

groups have been excluded systematically from clinical

trials.30

Biomarkers of disease should help clarify whether

such practices are defensible, and increase confidence

in clinical applications of tested treatments to mi-

graineurs whose characteristics match those of the

trial population. This promises to reduce significantly

the number of people whose time, money, and pa-

tience is wasted trying therapies that are likely to be

ineffective.

Biomarkers as Trial Endpoints.—In addition to

aiding the selection of homogeneous migraine trial

populations, biomarkers are likely to be used eventu-

ally as time-saving surrogate trial endpoints that pre-

dict desired final endpoints, or to serve as drug tar-

gets and intermediate or ultimate clinical endpoints

in their own right. Many pharmaceutical companies

have already been collecting and storing blood or other

DNA samples from migraine subjects in clinical trials,

with the intention of searching for such markers. One

potential problem with the use of biomarkers as sur-

rogate endpoints is that although they may increase

the efficiency of a trial, shorter, smaller trials probably

mean that some important longer-term harms (or ad-

vantages) of a treatment will be missed. This could ex-

acerbate the already serious problem of unanticipated

postmarketing drug effects. The ability to identify pa-

tients at risk of a particular serious side effect might

lead manufacturers to exclude such patients from clin-

ical trials of the drug, or conclude that such a drug was

not worth the extra costs entailed by testing. One re-

cent case, in which a new drug was approved along with

a requirement that patients be tested for a biomarker
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(in this case an enzyme that metabolizes the drug) be-

fore it could be prescribed, illustrates that such fears

are not merely theoretical. This excerpt from a con-

temporary newspaper account describes the event:

“Aczone, a new drug for acne, was approved by

FDA in July, but a requirement is that patients first

be tested for enzyme deficiency that puts them at risk

of developing anemia from the drug. This illustrates

a barrier. . .companies fear that if testing for such ge-

netic markers is required, it will discourage doctors

from prescribing a drug or limit its sales to a subset of

patients. Upon learning of the requirement, Astelias,

one of its developers, abandoned the drug. The other

developer is continuing with development, hoping to

have the requirement limited or lifted.”31

A hopeful possibility is that biomarkers that pre-

dict side effects also might help resurrect useful drugs

whose toxicity problems could be predicted or man-

aged using biomarker technology. In the migraine

field, for example, the highly effective but potentially

toxic drug methysergide might return to clinical use

if its rare but serious side effect of retroperitoneal fi-

brosis could be predicted or detected on the basis of

biomarkers. Similarly, biomarkers that predict treat-

ment benefit in small migraine subgroups might pre-

vent drugs from being discarded or overlooked when

they appear to have no benefit in larger, unselected pa-

tient populations. It has been suggested that biomark-

ers that identify subgroups that benefit from the con-

troversial cancer drug gefitinib, which showed limited

overall benefit in larger trials, might “save the drug

from being pulled off the market.”32

Treatment Applications.—Valid, reliable biomar-

kers would help define precise, rational migraine treat-

ment regimens based on an understanding of migraine

pathology in a particular patient. At present, migraine

treatment is focused on symptoms rather than on con-

cepts of underlying pathological processes, and titra-

tion and dose targets are based on clinical judgment.

Available treatments take effect slowly, provide only

partial relief for the majority of patients, and have im-

portant tolerability and, in some cases, safety draw-

backs.33 Treatment algorithms are difficult to apply to

individual patients, and imprecise in distinguishing pa-

tients who require specific treatments or doses.

From a clinical perspective, it is easiest to imagine

uses for biomarkers that accurately predict and reflect

response to particular migraine treatments. Currently,

it is necessary to choose and adjust migraine medica-

tion based on clinical symptoms and response. This is

time consuming and relies heavily on the development

of side effects as a crude means of determining the dose

and type of treatment. Treatment based on biomark-

ers would instead match therapy to the individual bio-

logic characteristics of a particular patient’s migraine.

Biomarkers might also help to plan and monitor treat-

ment. If a biomarker normalizes or disappears, for ex-

ample, it might signal that treatment is successful or

even that it should end.

With regard to migraine, the availability of such

tools is currently in the realm of wishful thinking, but in

other areas of medicine, notably oncology, concerted

effort has been devoted to applying biomarker tech-

nology to clinical decisions. An ambitious program has

developed “an algorithm that incorporates the itera-

tive nature of assay development into an evaluation

process that includes developers and end users. . . the

assay uses reverse transcription evaluation of a set of

16 genes that were shown to strongly associate with

the risk of recurrence of breast cancer in women who

presented with early stage disease . . . it provides infor-

mation to aid the physician and the patient in making

important clinical decisions, including the aggressive-

ness of the therapy that should be recommended.”34

Biomarkers also may provide a true opportunity

for stage-specific treatment. Headache clinicians have

long suspected that treatment that is effective in pa-

tients who have just begun to have migraine may be

ineffective or even harmful later.7 Certainly this is true

in many other illnesses, but at the present time we

have no scientific way of staging migraine treatment.

It seems likely that in some cases migraine treatments

have been abandoned as useless when the real problem

is “too little, too late.” Treatment trials in which pa-

tients experience adverse effects without benefit have

been termed “unmitigated failures,” in contrast with

those that provide benefit with few or no side effects,

which have been labeled “unqualified successes.”35

One hope is that migraine biomarkers will eventu-

ally increase the likelihood that “unqualified success”

will occur early in the course of migraine treatment,
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eliminating the frustrating trial-and-error method that

currently applies.

III. Technical, Ethical, and Legal Considera-
tions.—It is usual to think of biomarker development

in migraine in terms of its promise, with little attention

to potential pitfalls or problems. There are important

general limitations, however, to the use of biomarkers

that will also apply to their application in migraine.

Most of these limitations derive from the fact that

biomarkers are signs and measurements and like all

such entities are not infallible. Still other problems will

arise because of ethical and legal considerations.

Technical Issues.—The major technical issues to

be considered in applying biomarker technology to

migraine include the need to establish the reliabil-

ity and validity of a biomarker, to characterize its

receiver operating characteristics, and to understand

issues of causality and confounding. The interested

reader can consult several excellent reviews on the

subject of the technical aspects of biomarkers, but a

complete discussion of them is beyond the scope of this

article.36-39

Several things are worth brief mention, however.

The first is that to be cost-effective and widely ac-

cepted, biomarkers for a nonfatal illness like mi-

graine would have to be accurate, inexpensive, and

easily obtained.40 The second is that the presence of

a biomarker never will stand alone as incontrovert-

ible proof of migraine unless that biomarker has been

shown to be “always and only” a sign of migraine. For

example, white matter lesions or posterior infarcts are

associated with the presence of migraine, and may be

a manifestation of it, but also are found in other ill-

nesses.41 Confounding can occur when an intermediate

biomarker is related to an unidentified factor that also

is related to the exposure. This affects the validity of

the association between the biomarker and migraine.

Preliminary observations suggest that this type of con-

founding may best explain the relationship between

patent foramen ovale (PFO) and migraine with aura.

The presence of a PFO appears to be strongly associ-

ated with migraine with aura, for example, and even

may have prognostic implications. However, PFO and

migraine with aura may both be caused by a third, pos-

sibly genetic, factor that affects both cardiac structure

and migraine susceptibility.42

Biomarkers need not be causally related to mi-

graine, though, in order to be useful. Intermediate

biomarkers might also be related to or caused by an

environmental exposure that results in migraine. For

example, elevated antibody titers against a particular

virus might be a biomarker for migraine because they

reflect the presence of an organism that causes mi-

graine, not because they themselves are involved in

its development. There has been relatively little scien-

tific investigation of toxic, infectious, or other environ-

mental influences on migraine. It is entirely plausible

that such exposures might modify the risk of devel-

oping migraine if they interact with genetic suscep-

tibilities, or might alter the course of migraine once

it has developed. One author has pointed out that

with chronic neurological diseases, an important prac-

tical difficulty with biomarkers of exposure is find-

ing markers “that are stable over the long periods re-

quired for prospective studies of chronic neurological

disease. . .banked serum or plasma may be of value in

some instances. . .”43

Another important caveat is that the technical

characteristics of a migraine biomarker that have been

established in one situation or group may not apply

over the entire natural history of the disorder, in all

subgroups, or in all situations. Measurement error or

imprecision will account for some of this variability,

but so too will factors such as biological variability.

Lesko and Atkinson have identified the technical

attributes of a useful biomarker as (1) clinical rele-

vance; (2) sensitivity and specificity to treatment ef-

fects; (3) reliability; (4) practicality; and (5) simplic-

ity.1 The Antecedent Biomarkers Group, convened to

examine the use of biomarkers in Alzheimer’s disease,

has described criteria for effective biomarkers in that

disorder, many of which apply to migraine as well.44

These include:

• Detection of a fundamental feature of

neuropathology. . .“validated in neuropatho-

logically confirmed cases”

• Diagnostic sensitivity and specificity of over

80%

• Reliable, reproducible, noninvasive, simple to

perform, and inexpensive

• Established by
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◦ Two independent studies with similar find-

ings

◦ Published in a peer-reviewed journal.

Ethical Issues.— Ethical issues are likely to arise

that are related to costs and the fair distribution of

biomarker benefits and burdens to all segments of the

migraine population. Despite the fact that biomarker

development will produce efficiencies in clinical trials

and improve the overall management of migraine, it

is unlikely to reduce treatment expense. It may also

decrease incentives for pharmaceutical companies to

pursue drug therapies. Most of the costs associated

with bringing a drug to market are fixed, and drugs that

gain formal FDA indications for smaller and smaller

biomarker-defined subgroups means less scope for

companies to recoup their research investments un-

less they increase the price of such drugs.

Another inadvertent result of the more precise

drug labeling made possible by biomarkers is that “off-

label” prescribing of such drugs might increase, since

it always will be possible that treatments tested in a

subgroup of migraineurs with a particular biomarker

profile also will be effective in patients with other pro-

files. On the other hand, there are powerful disincen-

tives to “off-label” prescribing that are likely to in-

tensify in the future.45 It seems entirely possible that

more exact characterization of the migraine popula-

tion in treatment trials will be used as a basis for treat-

ment limitations and denials by insurance and other

third party payers. They might refuse to pay for the

studied treatment in any patient whose biomarker

profile is not identical to that of trial subjects, or

might balk at the prospect of paying for biomarker

testing.

Thus, biomarker development seems likely to

open a new and largely unanticipated front in the strug-

gle between those who seek to apply new technology

for the benefit of patients, and those who have a vested

interest in using it to maximize profits. A likely para-

dox is that pharmaceutical companies may not have

sufficient financial incentives to conduct the trials nec-

essary to characterize a drug’s performance in patients

with a potentially endless array and combination of

biomarkers, while insurance companies would seek to

limit care and costs by refusing to pay for treatments on

the basis that such studies had not been done or were

not convincing. This combination of perverse incen-

tives could seriously slow the translation of achieve-

ments in biomarker research into improvements in mi-

graine care, with patients and their doctors, as usual,

caught in the middle.

Legal Issues.—Legal and political issues, some of

them novel, will surely arise with the advent of mi-

graine biomarker technology. A fear of malpractice

suits could lead to premature clinical use of biomark-

ers, particularly those that might detect unusual forms

of migraine or help avoid serious treatment side ef-

fects. This would be unfortunate if it prompted exten-

sive use of a biomarker in clinical practice before its

true utility and cost-benefit profile had been clearly

established; such a situation did occur with the use

of prostate specific antigen testing for prostate can-

cer, suggesting that this is a danger that will recur

again with biomarkers in many areas of medicine.46 As

discussed previously, pharmaceutical companies might

use biomarkers to exclude subjects at high risk of drug

side effects from clinical trials, to avoid liability. While

this practice might decrease the risk of harm to indi-

vidual trial subjects, if carried to an extreme it also

may mean that the harm to benefit balances of some

treatments simply will be assumed, rather than proved.

Yet another legal aspect of biomarker develop-

ment has to do with whether genes, gene sequences,

gene products, or tests for these things can be patented.

The prospect of paying a licensing fee in order to be

able to do scientific or clinical research on a particu-

lar migraine gene or protein, or paying a royalty for

the use of a test based on these things, is appalling to

many. A 1980 US Supreme Court decision involving a

genetically engineered bacterium cleared the way for

patents on “anything under the sun that is made by

man.”47 Over the next decade, thousands of patents

on genes and DNA sequences were sought, in some

cases by companies and researchers who had no un-

derstanding of what they sought to patent, but merely

wanted to stake a claim. Patents have been issued for

approximately 20% of the human genome.48 In re-

sponse to this flurry of biological patent activity, the

US patent office tightened its scrutiny of biotechnol-

ogy patents and now grants patents only in cases where

“specific and substantial utility” and applicability
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to research has been shown.49 Several other recent

developments have calmed fears that gene patents

will impede research. For example, after a significant

struggle, scientists have extracted an agreement that

information derived from the Human Genome Project

immediately will enter the public domain.50 Courts

outside the United States, notably those in Europe

and Canada, generally have not ruled favorably on

gene patents.47,51 In a closely watched case with ob-

vious implications for the medical use of biomarker

technology, the US Supreme Court is set to rule this

fall on the legality of a patent sought for “the simple

correlation of an elevated level of the amino acid ho-

mocysteine with a deficiency of 2 B vitamins.”52

CONCLUSION
No review article can conclude without a cata-

logue of research that remains to be done. In the

headache field biomarker development has focused

almost exclusively on migraine. There has been lit-

tle work on tension-type headache, posttraumatic

headache, or cluster headache, to list just a few other

headache disorders that also deserve attention. The

precedents and knowledge derived from the study of

migraine biomarkers undoubtedly will provide vital

direction when the time arrives to apply biomarker

technology to other headache disorders.

We are at a very early stage of migraine bioma-

rker development, but nonetheless one where cer-

tain things are clear. One desirable consequence of

biomarker identification will be the firm establishment

of migraine as a legitimate, biologically based medical

problem. This is heartening because the all too com-

mon view of migraine as a quasi-medical complaint

plays a large part in its stigma and poor care. Other

predictable and similarly desirable outcomes include

refinements in migraine diagnosis, treatment, and re-

search, as well as the appealing prospect of being able

to identify migraine-susceptible individuals at a stage

when simple interventions are highly effective.

All of this is very exciting, but these advances do

not come without equally daunting costs. For each ben-

efit there is a countervailing drawback, pitfall, or unin-

tended consequence—sometimes several. One unde-

sirable consequence of the biomarker revolution will

be to focus attention on ever smaller groups of pa-

tients with migraine subtypes that were formerly in-

distinguishable by clinical methods, but that now can

be precisely defined by biologic measurements. This

may impede the study of broad, general patterns, and

mechanisms that different forms of headache have in

common, and limit appreciation for widely applica-

ble, over-arching principles of causation or treatment.

By restricting the size and diversity of trial popula-

tions, biomarkers also might reduce the chance for

serendipitous or unexpected findings that historically

have played a critical, hypothesis-generating role in

medical research.

Yet another important and so far unexamined dis-

advantage of the biomarker revolution might be a fur-

ther decline in respect for the contribution of clinical

care and judgment in migraine management. It is an

unfortunate fact of modern medicine that those who

make basic science discoveries are venerated, while

those who specialize in applying these discoveries at

the level of the individual patient are held in low re-

gard. Will the brave new world of migraine biomarkers

add to this problem by relegating the doctor to the role

of ordering tests, compiling results, and then applying

expert-determined treatment algorithms in a manner

calculated to produce the highest pay-for-performance

returns? One hopes not. In fact, it seems likely that

the best possible use of migraine biomarkers will re-

quire considerable clinical expertise and imagination.

For one thing, biomarkers that predict treatment ben-

efit may well assort independently of those that predict

side effects or a host of other important factors, so that

clinical trials never could be done to provide guidance

on how to proceed in every individual circumstance.

Biomarkers will augment, not supplant, the need for

clinical judgment, which will be even more necessary

to advise patients about complicated issues and to in-

terpret and apply a potentially vast and confusing array

of resulting information.
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