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Rett Syndrome: History
Uber ein zerebral-atrophisches Syndrom bei Hyperammonamie in Kindesalter. 

Andreas Rett, Vienna 1966



• Regression followed by stabilization
• Gait abnormalities
• Stereotypic hand movements
• Primarily affects girls
• ~1:10,000 live female births

What is Rett Syndrome?



• 95-97% typical Rett syndrome patients have mutations 
in MECP2
– 5% of Rett syndrome do not have mutations in 

MECP2
• Boys with MECP2 mutations

– Severe congenital encephalopathy
– Expanded phenotype previously unrecognized

• Duplication of MECP2 locus
– Severe neurodevelopmental disorder
– Mostly boys
– Autism, seizures, absence speech, infections
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• Restoration of MeCP2 expression, even 
after symptom onset, reversed disease 
course

• Seen in both male and female animals
• Hope for meaningful therapy development



Male Mecp2 mice treated 
with tripeptide from N-
terminus of IGF-I

IGF-I [1-3] = Gly-Pro-Glu

Disease targeted/modifying therapies



IGF1 [1-3] Glypromate Trofinetide



Phase 3 LAVENDER Study
Randomized, Double-blind, Placebo-controlled, Multi-center Study

Co-primary efficacy endpoints
• Caregiver scale Rett syndrome Behavioral Questionnaire (RSBQ)
• Clinical Global Impression-Improvement (CGI-I)
Key secondary efficacy endpoint
• Caregiver communication scale: CSBS-DP-IT Social Composite

Trofinetide

Placebo

End of
Treatment

187 young 
females

(5–20 years) with 
Rett Syndrome

Pre-treatment
baseline

Double-blind Treatment Period 
(12 weeks)

OLE study

• Randomized 1:1
• Oral or through g-tube
• Weight-based dosing
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Caregiver scale – Rett Syndrome 
Behavior Questionnare (RSBQ)

Clinician scale – Clinical Global 
Impression-Improvement (CGI-I)

Phase 3 trial of Trofinetide – Top level results

RSBQ change from 
baseline to week 12:

p-value = 0.0175*
Effect Size = 0.37

CGI-I at Week 12:
p-value = 0.0030*
Effect Size = 0.47



Phase 3 trial of trofinetide – 
Treatment-Emergent Adverse Events

TEAE, n (%) Placebo
(n = 94)

Trofinetide
(n = 93)

Any TEAE 51 (54.3) 86 (92.5)

Serious TEAE 3 (3.2) 3 (3.2)

TEAE leading to drug withdrawal
    Diarrhea

2 (2.1)
0

16 (17.2)
12 (12.9)

Fatal TEAE 0 0

Top TEAEs (Majority mild to moderate severity)
Diarrhea – 80.7% trofinetide, 19.2% placebo
Vomiting – 27% trofinetide, 9.6% placebo



• For the treatment of Rett syndrome in patients over 2 years.
• Strawberry flavored liquid (200 mg/ml) for oral or g-tube use
• Recommended dosage is twice daily (weight-based)

• with or without food.
• Most common side effects are diarrhea (82%) and vomiting (29%)

Patient weight trofinetide volume
9kg to <12kg 25 ml twice daily

12kg to <20kg 30 ml twice daily
20kg to <35kg 40 ml twice daily
35kg to <50kg 50 ml twice daily

>50kg 60 ml twice daily

https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217026s000lbl.pdf



Management of side effects (diarrhea)
• Stop laxatives before starting trofinetide
• Decrease/switch sugar containing medications
• Start fiber (Metamucil) 1-3 times per day

– children: 0.5-1 tsp in 4oz water
– teenagers/adults: 1-3 tsp in 4 oz water

• Start at lower dose and titrate up over weeks
– Split into 3 or 4 doses per day?

• At start of diarrhea: 
– Decrease trofinetide dose
– Take loperamide (Imodium)



Availability of Trofinetide for people with RTT

• Announced July 13th, 2023
• Acadia says will file New Drug Submission in Canada within 

18 months
• Europe and Asia plans to be announced later



Rett Syndrome and related disorders Natural History Study
• Multi-center longitudinal study (2003-2021)

– Alan Percy (University of Alabama, Birmingham) – PI
– Jeffrey Neul (Vanderbilt) – Administrative Head

• RTT, CDKL5 deficiency disorder (CDD), FOXG1 Syndrome (FS), 
MECP2 Duplication Syndrome (MDS)

• Enrolled >1825 people, 8782 visits, 14 sites across US
– Classic RTT – 1258, 6838 visits
– 82.8% > 1 visit
– 50% > 4 visits (average 5.4 visits)

Alan Percy, MD
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Initiation of Rett Syndrome 
Natural History Study

Timeline of critical events in Rett syndrome research

Identification of genetic basis
Development of disease models

Potential of therapy even 
after disease onset

Opportunity for treatment with a 
potential drug

First successful Phase 3 trial 
in Rett syndrome



Goal of the Rett Syndrome 
Natural History Study

Develop ”Clinical Trial Readiness” 
for Rett syndrome



Goal of the Rett Syndrome 
Natural History Study

Develop ”Clinical Trial Readiness” 
for Rett syndrome

• Create a network of clinical sites able to 
do clinical research

Enrolled people throughout US
>20 countries 

Fundamental sites for 
industry sponsored trials

14 sites across US 



Goal of the Rett Syndrome 
Natural History Study

Develop ”Clinical Trial Readiness” 
for Rett syndrome

• Create a network of clinical sites able to 
do clinical research

• Characterize the clinical features and 
natural history

 
>50 manuscripts published
Multiple additional manuscripts 
submitted and in preparation



Clinical Features and Natural History of Rett syndrome
Genotype/phenotype relationships



Clinical Features and Natural History of Rett syndrome
Clinical symptoms



Clinical Features and Natural History of Rett syndrome

RTT
Control

Height and weight

Growth Failure and Gastrointestinal-Nutritional issues



Clinical Features and Natural History of Rett syndrome
Behavior and Quality of Life



Goal of the Rett Syndrome 
Natural History Study

Develop ”Clinical Trial Readiness” 
for Rett syndrome

• Create a network of clinical sites able to 
do clinical research

• Characterize the clinical features and 
natural history

• Develop biomarkers and clinical outcome 
measures

“Biomarker”
Something measured that can:

– Show disease severity
– Identify people who will 

respond to a treatment
– Show changes before 

clinical improvement



Neurophysiological biomarkers – 
Evoked potentials

Latency

Amplitude



Visual evoked potentials

Auditory evoked potentials

Different from typically 
developing people.

Correlated with severity in Rett 
syndrome.



RTT
WT

Mouse Human

Similar in both people with Rett and 
mouse models

Opportunity to “translate” information



AEP Amplitude correlates with 
severity in CDKL5 disorder

AEP Latency correlates with severity in CDKL5, MECP2 
Duplication Syndrome, and FOXG1 Disorder



Goal of the Rett Syndrome 
Natural History Study

Develop ”Clinical Trial Readiness” 
for Rett syndrome

• Create a network of clinical sites able to 
do clinical research

• Characterize the clinical features and 
natural history

• Develop biomarkers and clinical outcome 
measures
– An outcome measure should measure 

what matters to people and their 
families 



Caregiver top concerns



Top caregiver concerns: Classic RTT
Green - more concern

White - less concern

Concern Classic RTT
Lack of effective communication 25%

Seizures 11%
Lack of hand use 8%

Abnormal Walking/Balance Issues 8%
Constipation 8%

Repetitive hand movements 5%
Problems with sleep 4%

Rapid breathing or breath holding (awake) 4%
Air swallowing/Bloating/Excessive Gas 3%
Lack of effective chewing or swallowing 3%

Scoliosis/Kyphosis 3%
Screaming episodes 3%

Anxiety 2%
Teeth Grinding 2%

Gastroesophageal reflux 2%
Poor weight gain 2%

Abnormal Movements 1%
Other GI 1%

Dystonia/Rigidity/Contractures 1%
Other Behavior 0%



Caregiver Impression of 
Function and Well-Being

What are the top reasons 
for improvement or 

worsening?

What are the top caregiver 
concerns for different 

responses?

Impression Number visits Percentage
Improved 349 27%

Unchanged 862 52%
Worse 271 21%



Improved Reason
Effective communication 37%

Walking/Gross motor 12%
Worse Reason
Seizures 20%

Walking/Gross motor 15%

Caregiver reasons for impression

Caregiver concerns vary by impression 

Communication is main reason for improvement

Seizures is main reason for worsening

Communication is top concern 
when caregivers note improvement

Seizures are top concern when 
caregivers note worsening

Concern Improved Worse
Communication 30% 18%

Hand use 9% 2%
Seizures 8% 21%

Walking/Balance 7% 9%



We need to make sure that outcome measures used in 
intervention trials matter to affected individuals

• Ask what is important and what things people would like to see change
• Important to know how much change matters to people who are affected
• Assess existing or develop outcome measures to align with top concerns
 

PREPRINT available at Research Square [https://doi.org/10.21203/rs.3.rs-2566253/v1]



Current Outcome Measures in Rett Trials
Caregiver reported: 

RSBQ
Clinician assessed: 

Clinical Global Impression-Improvement

• Pros
• Relatively simple to complete
• Understood by regulators (FDA, EMA)

• Cons
• Does not cover all top concerns

Top concerns
Effective Communication

Seizures
Hand Use
Walking

Constipation
Hand Stereotypies

Sleep problems
Abnormal breathing

Bloating/gas
Chewing/Swallowing

RSBQ Subscores # items
General Mood 8

Breathing Problems 5
Hand Behaviors 6

Repetitive Face Movements 4
Body Rocking/Expressionless Face 6

Nightime behaviors 3
Fear/Anxiety 4

Walking/Standing 2



Current Outcome Measures in Rett Trials
Caregiver reported: 

RSBQ
Clinician assessed: 

Clinical Global Impression-Improvement

• Clinician’s view of participant's global change
• Understood and accepted by regulators
• Need disease-specific anchors to guide raters
• Con: does not provide specifics of what improved

1 2 3 4 5 6 7
Very Much 
Improved

Much 
Improved

Mildly 
Improved No Change Mildly 

Worse
Much 
Worse

Very Much 
Worse

Can we use the Natural History 
Study data to develop additional 
outcome measures?



Motor Behavior Assessment (MBA)
• Clinician rated

– 37 items
• 5-point scale
• higher score=worse

– Collected throughout Natural 
History Study

– Never evaluated as an outcome 
measure

Revised-Motor Behavior Assessment (R-MBA)
 24 item clinician rated evaluation
 5 factors plus 3 important clinical features

Psychometric 
evaluation

R-MBA Subscores
F1: Motor Dysfunction 

(stiff/scoliosis)
F2: Functional Skills 

(hand/speech/walking/feeding)
F3: Social Skills

F4: Behavior 
(aggression)

F5: Breathing problems
Seizures

Hand stereotypies
Body rocking



Using Natural History Study data 
to develop outcome measures

Revised-Motor Behavior Assessment (R-MBA)
 Higher score = more severe
 Correlated with clinical severity
 Correlated with caregiver assessment
 Correlation with MECP2 mutations
 

R² = 0.5409
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How well does the R-MBA capture important clinical issues?
 

R-MBA Subscores
F1: Motor Dysfunction 

(stiff/scoliosis)
F2: Functional Skills 

(hand/speech/walking/feeding)
F3: Social Skills

F4: Behavior 
(aggression)

F5: Breathing problems
Seizures

Hand stereotypies
Body rocking

Top concerns
Effective Communication

Seizures
Hand Use
Walking

Constipation
Hand Stereotypies

Sleep problems
Abnormal breathing

Bloating/gas
Chewing/Swallowing

Can we use the Natural History 
Study data to develop a better 

clinician rating scale?

Can we use the Natural 
History Study data to develop 

a caregiver rating scale?
Issues still not completely

Full range of functional skills assessed limited

Using Natural History Study data to develop outcome measures



New Clinician-rated scale
 Supported by Alcyone Therapeutics
 Using Natural History Study data
 31 items, 6 factors
 “Catchy-name” Clinician Scale # items

Motor dysfunction 8
Mobility 6

Hand skills and communication 7
Social Skills 3

Breathing 4
Behavior problems 3

New Caregiver-rated scale
Rett syndrome Caregiver Assessment of Severity And Symptoms
 Supported by Rett Syndrome Research Trust
 Using Natural History Study data
 32 items, 4 factors
 Correlates with clinician rated severity, age, genotype
 

R-CASS # Items
Functional movement 10

Communication 8
Behavior problems 9

Rett-specific behaviors 5

Using Natural History Study data to develop outcome measures

https://www.researchsquare.com/article/rs-2873717/v1



New Clinician-rated scale
 Supported by Alcyone Therapeutics
 Using Natural History Study data
 31 items, 6 factors
 “Catchy-name” Clinician Scale # items

Motor dysfunction 8
Mobility 6

Hand skills and communication 7
Social Skills 3

Breathing 4
Behavior problems 3

New Caregiver-rated scale
Rett syndrome Caregiver Assessment of Severity And Symptoms
 Supported by Rett Syndrome Research Trust
 Using Natural History Study data
 32 items, 4 factors
 Correlates with clinician rated severity, age, genotype
 R-CASS # Items

Functional movement 10
Communication 8

Behavior problems 9
Rett-specific behaviors 5

Top concerns
Effective Communication

Seizures
Hand Use
Walking

Constipation
Hand Stereotypies

Sleep problems
Abnormal breathing

Bloating/gas
Chewing/Swallowing

Using Natural History Study data to develop outcome measures



Anavex 2-73 Ketamine
• Multisite trial at NHS sites
• 5 days oral ketamine
• 4 escalating doses planned

• Only 2 doses explored due to recruitment issues
• Safe and well tolerated
• Analyzing efficacy and biomarkers

• EEG/breathing

Ongoing clinical trials in Rett syndrome



Gene therapy in RTT?



Gene therapy in RTT

Adults with Rett syndrome, intrathecal dosing
2 patients dosed so far
Taysha plans to submit Investigational New Drug 
application to FDA this year 



• US
• Age 4-10 years old
• 5 participants
• Intracerebral ventricular injection (ICV)
• Texas Children’s Hospital (started)
• Children’s Hospital Colorado
• Boston Children’s Hospital

Gene therapy in RTT



Alternative ways to restore MeCP2 activity
X-chromosome reactivation DNA editing

RNA editing

Read-through therapy



Department of Defense 
Clinical Trial Award

Umbrella Clinical Trial to Evaluate Repurposed Compounds in Rett Syndrome 

• Recently awarded September 30th, 2023 
(Neul PI)

• Studying FDA approved drugs that have 
preclinical evidence in Rett syndrome
– Ketamine
– Donepezil
– Vorinostat

• Compared to common placebo
• 4 US sites
• Goal is to have a platform to accelerate 

clinical trials
 



The future…
• Success of Phase 3 Lavender trial of Trofinetide is promising

– Proof that therapies can be developed for Rett and similar disorders
• New Rett syndrome targeted therapy

– Exciting opportunities for additional treatments
• Natural History Study established foundation for clinical trials

– Critical to understand what problems need to be addressed
• Analysis of Natural History data to enhance therapy development

– Development of meaningful and robust outcome measures
• Continue collection of data to build upon these efforts
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Thanks to my friends!


