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Rett syndrome (RTT), an X-linked dominant neurodevelopmental disorder
caused by mutations in MECP2, is associated with a peculiar breathing
disturbance exclusively during wakefulness that is distressing, and can even
prompt emergency resuscitation. Through the RTT Natural History Study, we
characterized cross sectional and longitudinal characteristics of awake
breathing abnormalities in RTT and identified associated clinical features.
Participants were recruited from 2006 to 2015, and cumulative lifetime
prevalence of breathing dysfunction was determined using the Kaplan-Meier
estimator. Risk factors were assessed using logistic regression. Of 1205
participants, 1185 had suﬃcient data for analysis, including 922 females with
classic RTT, 778 of whom were followed longitudinally for up to 9.0years, for a
total of 3944 person-years. Participants with classic or atypical severe RTT were
more likely to have breathing dysfunction (nearly 100% over the lifespan)
compared to those with atypical mild RTT (60–70%). Remission was common,
lasting 1year on average, with 15% ending the study in terminal remission.
Factors associated with higher odds of severe breathing dysfunction included
poor gross and fine motor function, frequency of stereotypical hand
movements, seizure frequency, prolonged corrected QT interval on EKG, and
two quality of life metrics: caregiver concern about physical health and
contracting illness. Factors associated with lower prevalence of severe
breathing dysfunction included higher body mass index and head
circumference Z-scores, advanced age, and severe scoliosis or contractures.
Awake breathing dysfunction is common in RTT, more so than seizures, and is
associated with function, quality of life and risk for cardiac dysrhythmia.
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Rett syndrome (RTT) is a complex neurodevelopmental disorder with known
behavioral abnormalities, both internalizing (e.g., anxiety, social withdrawal)
and externalizing (e.g., aggression, self-abuse). However, a broad evaluation of
behavioral abnormalities in a large cohort is lacking.
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Address patient needs in
research, support
Methods
recruitment
Cross-sectional and longitudinal data were collected from 861 females with

Association

In this report, we describe profiles of internalizing and externalizing behaviors
in individuals evaluated in the multi-center U.S. Rett Natural History Study.
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As most individuals with rare
disease will not be cured in their
lifetimes, identifying ways to
improve quality of life is crucial to
patient-centered care.”

Kathleen R. Bogart and
Veronica L. Irvin, Orphanet
Journal of Rare Diseases,
2017
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There are over 280 programs in cell & gene
therapy. Not all of those will work. A lot of that
comes down to the ability of companies to move
the lab-based processes to commercial and
manufacturing processes. So we'll have a lot of
great clinical promise coming through and
readouts from these programs. But not every
program will be ready to move to the commercial
stage because of the required investment in
meeting the FDA requirements for manufacturing.”

David Lennon, President AveXis, 2019

Clinical Development PoS

5.0% chance of
approval from
Phase I for Gene
& Cell Therapies *

Gene & Cell
Therapies

By 2030 between 40-60 launches and
500.000 patients treated *
Source: MIT-LFE Project ALPHA, 2019 https://projectalpha.mit.edu/pos/
PoS = Probability of Success; * Source: MIT NEWDIGS FoCUS, 2018

De-Risking Clinical Development

Source: Clinical Development Success Rates 2006-2015, BIO Industry Analysis,
Biomedtracker, www.bio.org, 2017

De-Risking Clinical Development

As many rare diseases are
identified by specific genetic
mutations, success rates in
rare conditions match those
in RCTs utilizing biomarkers

Source: Clinical Development Success Rates 2006-2015, BIO Industry Analysis,
Biomedtracker, www.bio.org, 2017

De-Risking the Cost of Pivotal Trials

A total of 138 pivotal clinical trials for
approval of 59 new therapeutic agents,
with a median estimated cost of $19.0m
Estimated costs
of <$5 m for
trials without a
control group
for 3 orphan
drugs (< 15
patients each)

The largest single factor driving cost was
the number of patients

Source: Moore TJ et al, Estimated Costs of Pivotal Trials for Novel Therapeutic Agents Approved by
the US FDA, 2015-2016, JAMA Intern Med. doi:10.1001/jamainternmed.2018.3931

Gene & Cell Therapy Investment
§ “Tractability” of the (often rare) condition for development
§ Good understanding of natural history and potential endpoints
§ Ideally monogenic disease and well-established biomarkers
§ Early data providing confidence in the MOA, good animal models
§ Multiple disease targets (“pipeline in a product”)
§ Well established patient advocacy groups and contacts
§ Serious condition(s) and high unmet needs
§ Identified & diagnosed patients and expert site contacts
§ Limited scope of clinical program > smaller = faster trials

Affordability
Challenges
§

Little consensus on what
constitutes “value”

§

Cumulative budget impact

§

Less mature data at launch

§

Uncertainties in long-term
effectiveness and safety

§

High upfront costs vs.
downstream health benefits

§

How to evaluate a “one and
done” cure

Why Accelerate Trials with PC-RWE?
§ Reduce the number of participants exposed to experimental treatment
and those exposed to placebo/sham procedures
§ Understand disease progression and burden to identify biomarkers,
patient-relevant endpoints and identifying inclusion/exclusion criteria
§ Use natural history to produce historical control data for comparisons in
single arm trials (external controls)
§ Many-to-one matching methodologies, allowing comparison of one study
participant with several historical controls
§ Randomized real-world enrichment approaches to define a narrower
patient population, reducing variability and improving the probability of
detecting a treatment effect
§ Incorporate patient needs, reduce barriers to participation, accelerate
recruitment and enhance retention

Patient-Centred Real-World Evidence
PROs capture how a patient
feels and functions – quality
of life, daily activities and
symptoms

Without PRO data, RWE will
not actually reflect how real
patients experience real
therapies in the real world

The RCT and RWE Continuum
Non-Interventional

Interventional

Controlled Setting

Scientific
Health Survey

Pragmatic
Clinical Trial
Single Arm
Clinical Trial

Hybrid Designs

Natural History
Study

Historical
Controls (IPL)
Randomised
Registry Trial

Registry

Post-Authorisation
Effectiveness
Study (PAES)

Post-Authorisation
Safety Study
(PASS)

Totality of Evidence
Source: Adapted from Makady A et al, What Is Real-World Data (RWD)? A Review of Definitions
Based on Literature and Stakeholder Interviews. Value in Health 2017; 20 (7): 858-865

Retrospective
RWD Sources

Claims
EHRs
Hospital Data
Pharmacy Data
Genomics, Lab
& Biomarkers
• Mortality Data
• Social Media
• Hybrid sources
•
•
•
•
•

Unconrolled Routine Practice

Randomised
Clinical Trial

Non-Experimental

RWE in Regulatory Decision-Making
Regulatory Context
What decision is FDA
considering?
• New indication
• Labelling revision
• Safety revision
• Benefit/risk profile

Data
Considerations

Methods
Considerations

Are the real-world
data sources of
sufficient
quality?

Are the
methodological
approaches of
sufficient rigor?

• Minimal missing data

• Interventional or
observational

• Sufficient data reliability
and validity

Clinical Context
Can the research question
be reliably addressed with
RWE?
• Prevalence
• Clinical uncertainties
• Expected treatment
effect size

• Established data quality
assurance procedures

• Prospective,
retrospective or hybrid
• Appropriate analytic
approach
• Established credibility
(protocol developed and
replication of results
achieved or planned)

Source: Adapted from the RWE White Paper, Robert J. Margolis Center for Health Policy at
Duke University, 2017

Fit for Purpose
Real-World
Evidence
(RWE)
Matching data
sources and
appropriate
methods to the
research question,
the regulatory and
the clinical
context, will result
in different types
of RWE for
different use cases

Draft FDA RWD/RWE Guidance
Example Submissions using
RWD and/or RWE
• IND submissions for randomized clinical trials
that use RWD to capture clinical outcomes or
safety data, including pragmatic and large
simple trials
• New protocols for single arm trials that use
RWE as an external control
• Observational studies that generate RWE
intended to help to support an efficacy
supplement
• Clinical trials or observational studies using
RWE to fulfill a post-marketing requirement
to further evaluate safety or effectiveness
and support a regulatory decision

Gene Therapy Guidance (2020)
RCTs remain the standard, BUT:
• Intra-subject control design may be
useful
• Blinding, if feasible
• A single-arm trial using historical
controls, if there are feasibility
issues with conducting a RCT
• Knowledge of the natural history of
disease is critical when using
historical controls

“The first-in-human study should be adequate and well controlled to support a
marketing application”

Long-Term GT Follow-Up (2020)
• FDA may recommend that you
establish a registry, or use an
existing patient registry, to
systematically capture and track
data from treated patients
• It may be appropriate to establish
a registry system to specifically
capture adverse event data from
treated patients who receive a GT
product
• This registry system can be a part
of the PVP plan and reviewed at
the time of licensure

EMA – Historical Controls and LTFU
Publication by EMA
Pharmacovigilance and
Epidemiology experts (2019)
Focus on historical controls and
post-authorisation registries
for long-term follow-up
Case examples for EMA use of
real-world data discussed:
• Kymriah and Yescarta
• Zalmoxis
• Strimvelis
• Spinraza

Case Example:

Natural History Supports Pivotal Study
§

Data from two international datasets of patients
with untreated genotypically confirmed CLN2
disease (Batten disease): the DEM-CHILD
dataset (n=74) and the Weill Cornell Medical
College (WCMC) dataset (n=66)

§

Disease course was measured longitudinally in
67 patients: age of disease onset and diagnosis,
disease progression, measured by the rate of
decline in motor and language summary scores,
and time from first symptom to death

§

CLN2 disease has a largely predictable time
course with regard to the loss of language and
motor function (and shortened life expectancy)

§

These data can serve as historical controls for
the assessment of current and future therapies

Case Example:

Natural History Supports Pivotal Study
§

The pivotal CLN2 disease study was developed through
close collaboration and communication between the
sponsor and regulatory authorities, during which
several methodological and statistical concerns were
sequentially raised and addressed

§

Questions arose regarding the comparability between
the treated population and the natural history cohort
regarding underlying differences in co-variables, such
as age, sex, disease alleles, and baseline scores

§

To address this concern, matching methodologies were
incorporated, including adjustment for co-variables and
use of many-to-one matching to compare one study
subject with multiple historical controls

§

Following these adaptations, all analyses consistently
demonstrated a significant effect of cerliponase alfa

Pivotal study enabling Cerliponase alfa
ERT (Brinuera, BioMarin) approval by
the FDA and EMA in 2017

Randomised Delayed Start Trial (RDS)
§ Suitable for patients with relatively stable disease condition
over the duration of the trial
§ Two stages: for stage 1, patients are randomized to receive a
new treatment or a real-world control; for stage 2, patients
who received control in stage 1 switch to the new treatment
§ Analysis is based a combination of stage 1 inter-group and
stage 2 intra-patient comparisons of treatment and control
§ Enables assessments of outcomes that are effort-based,
patient-reported or subjectively assessed by investigators
§ Can reduce risk of bias vs. single-arm designs and maximize
the assessment of multiple outcomes
§ Blind start: initiate double-blind active therapy at different
times from baseline, preceded by 0, 1, 2 intervals of placebo

Randomised Delayed Start Trial (RDS)
LUXTURNA
(voretigene
neparvovec)
pivotal Phase 3
trial (open label)
in RPE65 IRD

Multi-Luminance
Mobility Test
(MLMT) was a
novel endpoint
developed with
FDA, experts and
patients

Sham-subretinal surgery
control group
was rejected for
ethical reasons
(paediatric
participants)
(no intervention)

PRO: lowvision modified
version of the
NEI-VFQ-25
questionnaire

Randomized Enrichment (RW-RE) Design
§ Two stages: the first stage is an open-label realworld observational study (SoC) over a suitable
duration to quantify disease progression
§ Patients from stage 1 who meet outcome- and/or
biomarker-driven enrichment criteria are randomly
assigned to receive a new treatment or remain on
the Standard of Care (SoC)
§ The primary endpoint may be based on difference in
post- and pre-treatment progression or a difference
of observed and predicted outcome
§ If integrated into an existing registry (e.g. for a rare
disease) also known as a Registry-Based
Randomised Controlled Trial (RRCT)

Case Example:

Registry-Based Randomised Controlled Trials (RRCTs)
RRCTs can provide valid (randomization, low
lost-to-follow-up rates, generalizable)
patient important long-term comparativeeffectiveness data for relative little effort
Researchers planning an RCT should always
check whether existing registries can be
used for data collection

This meta-empidemiological study indicates
that for objective outcomes, there is no
systematic difference between effect
estimates from RRCTs and conventional RCTs

Master Protocols
Umbrella Trials
To study multiple targeted therapies in the context of a
single disease

Basket Trials
To study a single targeted therapy in the context of
multiple diseases or disease subtype

Platform Trials
To study multiple targeted therapies in the context of a single disease in a perpetual manner, with
therapies allowed to enter or leave the platform on the basis of a decision algorithm

The patient
organisation holds the
IND and drives the
project, provides
central hub for
funding

The vision is for
drugs to directly
graduate from the
platform to Phase III
registration trials,
pre-approved by the
FDA, dramatically
shorter timelines

Moving from Oncology to Neurology

High industry interest, the first 5 therapies are
ready to enter the trial; currently tailoring the
arms to these experimental treatments in close
collaboration with the companies (Spring 2020)

Amyotrophic lateral sclerosis (ALS)

NCATS – Platform Vector Gene Therapy
Research pilot intended to develop 4 gene
therapies for monogenic rare diseases at the
same time using a platform design and durable
infrastructure (vector, manufacturer, process,
protocol, etc.)

I personally believe that the
clinical trial system is broken
and that master protocols, trial
platforms and clinical trial
networks need to be the future,
utilizing health care data when
at all possible.”

Janet Woodcock M.D.,
Director, CDER, FDA, 2018

Operationalizing RWE
§

§

§

§

§

90% of companies currently investing in building
RWE capability across the entire product life cycle
70% building capabilities to conduct a greater
proportion of RWE studies internally
The data landscape is rapidly evolving: nontraditional data sources such as purpose-built
linked data (e.g., clinical data linked to molecular
data), connected devices, and health apps
The future data landscape is likely to be shaped by
an increase in strategic data partnerships and new
ways of procuring data
Rare conditions: genetic testing initiatives,
collaborations with patient groups, purpose-built
natural history studies

Study Designs Supported by RWE
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