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Migraine is classified as a highly prevalent neurological
disease, affecting over 1.1 billion people worldwide
and ranking as the second leading cause of disability.
Migraines are not merely just a pain syndrome, but
a complex neurological disorder involving altered
neurophysiological states and progressive changes in
brain networks. Migraine chronification (the transition
from episodic to chronic migraine, that' occurs annually
in 3% of patients with episodic migraine) is associated
with progressively persistent central and peripheral
nervous system sensitization, altered excitability, and
maladaptive neuroplasticity. This process highlights
how migraine involves trigeminovascular dysfunction,
heightened sensory processing, and altered
cortical inhibition.

Migraine pain is unique in the way it unfolds through
distinct phases (prodromal phase - aura phase -
headache phase - postdrome phase) that prove that
migraine pain is not a single event, but a multi-stage
neurological process.

Understanding both the phases and the role of triggers
is essential for appreciating why migraine pain differs
from other types of pain, in the way that migraine is
not just a response to an external stimulus or injury,
but the result of a brain that temporarily shifts into a
vulnerable state.

Another defining feature of migraines is the strong
relationship with triggers, which can vary widely
between individuals and even within the same
patient over time. These triggers do not directly
cause migraine attacks in a simple way; instead, they
interact with an already sensitive brain. Migraines
often coexist with comorbidities such as depression,
anxiety, medication overuse, and sleep disorders,
which can modulate disease progression and patient
response to interventions. This inherent heterogeneity
affects both efficacy and safety outcomes in trials
and suggests that study designs should incorporate
careful phenotyping and longitudinal assessment
to account for comorbidity-related influences on
migraine evolution.

PROACTIVE PLACEBO EFFECT MANAGEMENT

Research indicates that over time placebo response
in preventative migraine studies has increased
considerably?, while drug responses have remained
stable, leading to an overall decrease in treatment
effects. Furthermore, across medical conditions,
placebo response is typically higher for newer
medications or treatments.® Pursuant to this, a
systematic review of preventative pharmacological
migraine treatments from 20214 identified that 42%
of trials failed to meet statistical significance of the
primary endpoint. Furthermore, the analysis found
that the significant differences were driven by the 60%
difference in trial success between studies with less
than 20% placebo response and those with greater
than 30% (Table 1).

TABLE 1: PLACEBO RESPONSE SUCCESS RATE

Placebo Responders Success*

< 20% 100%
21-30% 50%
>30% 40%

*Success refers to adequately meeting statistical significance of the
primary endpoint

Table: relationship between placebo responders and success to meet
primary endpoint according to Vollert et al

It is important to note that since patient-reported
outcomes are subjective, especially in pain-conditions
such as migraines, placebo response is less avoidable.
It is imperative that we understand any potential
mitigating factors. One possible factor is the patient’s
ability to discern and report their own symptoms
and pain®. In that, if a patient fails to understand the
correct reporting of their pain and symptoms, they
will demonstrate both higher placebo responses and
reduced differences between drug and placebo.¢ If this
is due to expectation bias’, where the expectation
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of a therapeutic benefit activates reward mechanisms,
one suggested solution would be to minimize
expectations though Placebo Response Reduction
Training®, or use of the Placebo-Control Reminder
Script’ which reminds patients of the factors which
may cause placebo responses. Other factors, such as
the mode of administration or clinical environment,
may contribute to the “contextual effect”’® These
effects mentioned provide an opportunity to adjust the
impact of placebo by focusing on patient expectations
as well as the interaction with provider, setting,
and culture.

Language from the placebo-control reminder script is
first introduced to the patient in the informed consent
form. Thereafter, the same language is utilized at each
patient visit or interaction to maintain a consistent
and neutral approach among the patient and the
clinical research team. Key components of the script
include neutral tone, clarifying placebo possibility,
blinding reminder, encouraging accurate reporting,
and reducing bias.

By providing the same training to all study sites,
Medpace works to mitigate site-specific factors
which may be disproportionately causing placebo
response. If the root cause, however, is inaccurate for
subject reporting, methods'* which train participants
to accurately rate their pain. Another method to
reduce the placebo response is to utilize a placebo
run-in phase, though the efficacy of this approach is
still under debate.’? Finally, the use of a pain-rating
run-in period has also been suggested in conjunction
with the placebo run-in phase in order to ensure the
patient’s ability to comply with pain diary completion
and observe their day-to-day pain variability.

Furthermore, ongoing data surveillance to proactively
monitor clinical data to detect quality concerns with
outliers suchasinconsistent pain ratingsis an additional
measure to mitigate placebo response. At Medpace,
our team has experience supporting the statistical
evaluation of critical data to identify patients and sites
exhibiting atypical data patterns. This is completed via
our ClinTrak® system that aggregates large volumes of
data across multiple internal and external data sources
and facilitates centralized monitoring by allowing
teams to visualize, interpret, and interact with the real-
time study data to identify trends, outliers, and other
points of interest, in supporting faster risk remediation
actions and forward-looking study decisions.
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REGULATORY-READY EXECUTION ACROSS
MIGRAINE POPULATIONS

Like adult migraine presentation, migraine is a leading
cause of disability across all age groups in children and
adolescents, one that increases with age from 3% in
young children, to 8-23% in adolescents.'** However,
clinical expression in children differs substantially
from that in adults, and the differences are not
merely academic: they have direct implications for
diagnosis, treatment response, and inclusion in clinical
trial. In terms of diagnosis, presentation is often
shorter in duration, more bilateral with prominent
gastrointestinal symptoms, and higher prevalence
of motion sensitivity®® and vertigo. Younger patients
may struggle to describe pain quality or associated
symptoms, and in this context children’s drawings
of headache provide a compelling window into this
different clinical language.'®

Regarding pharmacological interventions, treatment
options have largely been based on adult studies,
although treatments deemed effective in adults and
adapted for use in children may not be efficacious.
Differences in brain maturation, receptor expression,
pharmacokinetics, and central pain processing suggest
that efficacy and tolerability observed in adults
cannot be assumed in children.l”181920 Fyrthermore,
like their adult counterparts, young migraineurs also
demonstrate a high impact of the placebo effect,
with large reductions in both the frequency and
intensity of migraine attacks in the placebo arm.?122
The International Headache Society has provided ad
hoc guidelines to assist in the design and execution of
clinicaltrialsin children and adolescents with migraines.
These include such suggestions as age at entry must
ensure adequate age strata, and a minimum 28-day
baseline period should be followed by a treatment
period of at least 12-weeks.?®

From a clinical development perspective, these
differences have critical consequences as eligibility
criteria based on adult migraine definitions may
inadvertently exclude children with genuine migraine
and endpoints and patient-reported outcomes may
lack sensitivity for pediatric populations. Incorporating
developmentallyappropriate diagnostictools,including
visual or narrative methods, and adapting endpoints to
pediatric-relevant outcomes can enhance trial validity
and success.




Healthcare systems worldwide are shifting towards
the patient-centered care (PCC) model?, with the
incorporation of patient-reported outcome measures
(PROMs) being touted as an effective way to guide
healthcare in this direction.?>?%2” When discussing
the pediatric population, it is imperative to address
age-related variations in the comprehension of health
concepts and the differences in age-related vocabulary.
There is evidence to suggest that children above the
age of eight can reliably report if PROM instruments
are developed to accommodate their vocabulary as
well as cognitive and reading abilities.?®?’ Generally,
PCC in pediatric clinical settings, including clinical
trials, include family caregivers as those who act
as the primary agent in the delivery of the patient’s
care. With this, the evidence of agreement between
pediatric self-reported and proxy-reported outcomes
is considered tenuous.’°3%2 For example, many
studies have found that parents underestimate their
child’s pain-related functional disability.®33* As such,
wherever possible pediatric migraine trials should
include both patient and proxy PROMs to allow for
the greatest depth of understanding, and likelihood
of accurate reporting. For example, parents may be
asked to rate their child’s pain on a 0-10 NPS, while
children as young as four® might do better if provided
with the Faces Pain Scale-Revised®*¢ which is devised
for use specifically in the pediatric population. Other
outcome measures traditionally used in adult studies
- such as pain freedom at two hours - may not fully
capture meaningful benefit in children, whose disease
burden often manifests through school absenteeism,
reduced participation, or emotion distress.
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KEY TRENDS FOR MIGRAINE

For many vyears, migraine clinical trials relied on
relatively simple endpoints, such as reductions in
monthly migraine or headache days, or pain intensity
during attacks. While these measures remain useful,
migraine complex physiopathology shows that they
only partially reflect the real burden of migraine as
it is now understood as a condition with cumulative
effects that extend beyond individual attacks and
in which the aim should be to change the course of
migraine itself and not just mitigating attacks.®” As a
result, there is a growing shift toward endpoints that
better capture meaningful disease control, rather than
isolated symptom improvement. Sensory symptoms,
disability scores, and quality-of-life measures help
capture the real-world impact of migraine, and how
migraine affects daily life, work, sleep, and emotional
well-being.

A recent position statement from the International
Headache Society proposes® raising the bar for what
constitutes success in migraine prevention and has
categorized outcomes into four tiers:

1. Migraine Freedom
2. Optimal Control

3. Modest Control

4. Insufficient Control

For example, previously a 50% reduction in monthly
migraine days was the usual threshold for considering
a participant as a responder, but in participants with
difficult-to-treat migraine, a 30% or higher reduction
is considered significant. These endpoints are easier to
interpret for non-specialists or regulators and better
align with the patient’s expectations of restoring
normal life.

Digital pain tracking tools have become a key enabler of
this evolution in the way that they offer the possibility
to capture the day-to-day reality of living with a
migraine in real time, reducing recall bias and capturing
the fluctuating nature of migraines more accurately.
These tools can record not only headache occurrence,
duration, associated symptoms, functional impact,
medication use, and recovery patterns, providing a
much more detailed picture of disease burden.
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By systematically collecting high-quality patient-
reported data, trials can better align with modern
definitions of migraine control and prevention,
allowing investigators to assess patterns such as
consistency of response, residual symptoms between
attacks, or early warning signs of worsening disease,
while reducing reliance on memory. In this way, digital
tools help bridge the gap between evolving scientific
standards and practical, scalable trial execution,
ensuring that endpoints remain both scientifically
robust and meaningful to patients.

Advances in migraine neuroscience have reshaped
how the disease is conceptualized, particularly the
understanding that repeated attacks can lead to
long-lasting changes in pain processing and brain
excitability. Modern trials increasingly reflect the idea
that migraine exists along a continuum of disease
activity. This perspective encourages operational
decisions that consider baseline disease stage,
risk factors for progression, and the presence of
interictal symptoms.

Incorporating the knowledge into trial planning
supports more appropriate inclusion criteria, longer
follow-up periods, and outcome measures that reflect
changes in disease stability over time. Studies are now
better positioned to evaluate whether treatments
influence not just symptoms, but the underlying
course of the disease.

CONCLUSION: A STRATEGIC CRO PARTNER
FOR MIGRAINE DRUG DEVELOPMENT

As migraine research continues to evolve, so do
the challenges of conducting trials, with ambitious
endpoints and complex designs. Managing the high
variability of migraines has become one of the central
challenges in clinical research. Migraine populations
are highly heterogeneous, with differences in disease
severity, comorbidities, medication use, and symptom
patterns. Without careful trial planning and execution,
this variability can obscure true treatment effects and
make results difficult to interpret.
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Experience in migraine research allows CROs to bring
expertise in migraine-specific trial design and patient
management, helping to support consistent patient
selection, standardized use of digital tracking tools,
and reliable collection of patient-reported outcomes.
This operational expertise helps ensure that evolving
endpoints are measured accurately and consistently
across study sites. By reducing noise and improving data
quality, specialized CROs, like Medpace, can enhance
signal detection, making it easier to distinguish real
therapeutic benefits from background variability.

Tackle complex and challenging diseases with our highly
experienced in-house neurologists that are embedded
throughout every study. Our neuroscience physicians
have expertise in pain clinical development and provide
strategic direction for study design and planning, train
operational staff, work with investigators, provide
medical monitoring, and are available to meet with
regulatory agencies if the Sponsor desires.

FULL-SERVICE CLINICAL DEVELOPMENT

Medpace is a scientifically-driven, global, full-
service clinical contract research organization (CRO)
providing Phase I-IV clinical development services
to the biotechnology, pharmaceutical and medical
device industries. Medpace’s mission is to accelerate
the global development of safe and effective medical
therapeutics through its high-science and disciplined
operating approach that leverages local regulatory
and deep therapeutic expertise across all major areas
including oncology, cardiology, metabolic disease,
endocrinology, central nervous system and anti-viral
and anti-infective.
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