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% Check for updates Rett syndrome is a rare, genetic neurodevelopmental disorder. Trofinetide is

asyntheticanalog of glycine-proline-glutamate, the N-terminal tripeptide
of the insulin-like growth factor 1 protein, and has demonstrated clinical
benefitin phase 2 studies in Rett syndrome. In this phase 3 study (https://
clinicaltrials.gov identifier NCT04181723), females with Rett syndrome
received twice-daily oral trofinetide (n = 93) or placebo (n = 94) for 12 weeks.
For the coprimary efficacy endpoints, least squares mean (LSM) change
frombaseline to week 12 in the Rett Syndrome Behaviour Questionnaire for
trofinetide versus placebo was —4.9 versus —1.7 (P = 0.0175; Cohen’s d effect
size, 0.37), and LSM Clinical Global Impression-Improvement at week 12 was
3.5versus 3.8 (P=0.0030; effect size, 0.47). For the key secondary efficacy
endpoint, LSM change from baseline to week 12 in the Communication and
Symbolic Behavior Scales Developmental Profile Infant-Toddler Checklist
Social Composite score was —0.1versus —1.1 (P=0.0064; effect size, 0.43).
Common treatment-emergent adverse events included diarrhea (80.6% for
trofinetide versus 19.1% for placebo), which was mostly mild to moderate in
severity. Significantimprovement for trofinetide compared with placebo
was observed for the coprimary efficacy endpoints, suggesting that
trofinetide provides benefitin treating the core symptoms of Rett syndrome.

life, with failure to reach developmental milestones between 6 and 18
months®™. A period of regression follows at 12-30 months with gait

Rett syndrome (RTT) is a rare, genetic neurodevelopmental disorder
characterized by loss of verbal communication with limited nonver-

bal skills, loss of fine and gross motor function (including purposeful
hand use), behavioral issues, seizures, hand stereotypies and gastro-
intestinal problems’* Almost all cases of RTT are caused by de novo
loss-of-function mutations in the X-linked gene MECP2 encoding
methyl-CpG-binding protein 2 (MeCP2), a DNA-binding protein with
arole in epigenetic regulation of gene expression® and deficiency of
which results in abnormal neuronal maturation and plasticity*.

RTT primarily affects females (1in 10,000-15,000 live female
births)’, but some males are affected®. Individuals with the syndrome
undergo apparently normal development for the first 6 months of

dysfunction, loss of acquired hand skills and spoken language and
the onset of repetitive hand stereotypies”'*". From approximately
5years of age through adulthood, no continued skill regression has
been observed, with the exception of some loss of ambulation in the
teen years"'. Other common symptoms include awake breathing
disruptions, autonomic abnormalities, scoliosis and interest in social
interaction (intense eye communication)'*", Seizures have a lifetime
prevalencein RTT of around 90%, with a highly variable course of occur-
rence and remission, with age of seizure onset ranging from <4 years
to middle age™. Gastrointestinal dysfunction, including substantial
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Participants screened
n=208

Screening failures n = 40*

« Not meeting inclusion criterian =8

- Meeting exclusion criteria n =17

All randomized participants
n=187

« Withdrew consent n =2
« Othern=13

— 1

Trofinetide
n=93
Discontinued study n = 23
+ Adverse event n =16
« Lack of efficacy n=1
]
« Noncompliance with study drugn=4
« Withdrew consent n =1
« Other (COVID-19 quarantine measures) n =1
Completed
study
n=70

Placebo
n=94
Discontinued study n =9
Adverse event n =2
+ Protocol deviation n =1
+ Withdrew consent n =1
« Other (COVID-19 quarantine measures) n =5
Completed
study
n=385

Safety analysis set (n = 187: trofinetide n = 93 and placebo n = 94)
Full analysis set (n = 184: trofinetide n = 91 and placebo n = 93)
Per-protocol set (n = 179: trofinetide n = 89 and placebo n = 90)

Fig.1|Participant disposition. Note that the three participants missing from the full analysis set (n =184), who were included in the randomized analysis set (n =187),
had a baseline assessment but no post-baseline efficacy assessments. *208 unique participants were screened, but some were rescreened, for a total of 227 screenings.

COVID-19, coronavirus disease 2019.

constipation, gastroesophageal reflux disease and chewing and swal-
lowing difficulties are observed in most individuals with RTT>",

Trofinetide ((25)-2-{[(25)-1-(2-aminoacetyl)-2-methylpyrrolidine-
2-carbonyl]lamino}pentanedioic acid) is a synthetic analog of gly-
cine-proline-glutamate (GPE), anaturally occurring tripeptide inthe
brain that is enzymatically cleaved from insulin-like growth factor 1
(refs.14,15). In the Mecp2-deficient mouse model of RTT, GPE partially
reversed RTT-like symptoms, improved survival and enhanced synaptic
morphology and function'. Trofinetide was designed to improve the
poor pharmacokinetic profile of GPEY. In a phase 2 study in pediatric
and adolescent females with RTT', treatment with trofinetide (200 mg
per kg twice daily (BID)) for 6 weeks was generally well tolerated and
provided nominally statistically significant (P < 0.05) improvements
in caregiver- and clinician-assessed efficacy measures, including on
the Rett Syndrome Behaviour Questionnaire (RSBQ)" and the Clini-
cal Global Impression-Improvement (CGI-I) scale?’, compared with
placebo. Clinical benefit was also observed ina previous phase 2 study
inadolescent and adult females with RTT?".

The main objective of this phase 3 study was to investigate the
efficacy, safety and tolerability of trofinetide in alarger, randomized,
double-blind, placebo-controlled study in RTT.

Results

Demographic and baseline characteristics

Enrollment occurred between 29 October 2019 and 28 October 2021,
with 208 participants screened and 187 participants randomized to
trofinetide (n=93) or placebo (n =94); 155 participants (82.9%) com-
pleted the study (trofinetide, n =70 (75.3%); placebo, n =85 (90.4%))
(Fig.1). Treatment groups were well balanced for demographic and
baseline characteristics (Table 1). In the respective trofinetide and
placebo groups, 40.9% and 41.5% of participants were administered
study medication via gastrostomy tube.

Primary efficacy outcomes

The mean (s.e.m.) change from baseline to week 12 in the RSBQ total
score was —5.1(0.99) and -1.7 (0.98) in the trofinetide and placebo
groups, respectively. Based on the mixed-effect model for repeated
measure (MMRM) analysis, the LSM (s.e.m.) change from baseline to

week 12 in the RSBQ total score was statistically significantly greater
with trofinetide (—4.9 (0.94)) than with placebo (-1.7 (0.90)), with an
LSM (s.e.m.) treatment difference of =3.1(1.30) (95% confidence interval
(CI),-5.7t0-0.6; P=0.0175; Cohen’s d effect size, 0.37) (Fig. 2a). At week
12inthetrofinetide and placebo groups, respectively, the mean (s.e.m.)
CGl-Iscores were 3.5 (0.08) and 3.8 (0.06). MMRM analysis showed a
statistically significantimprovement with trofinetide compared with
placebo at week 12, with an LSM (s.e.m.) treatment difference of -0.3
(0.10) (95% Cl1, -0.5to -0.1; P=0.0030; Cohen’s d effect size, 0.47)
(Fig. 2b). Changes from baseline for all RSBQ domain subscores were
directionally in favor of trofinetide (Fig. 2c). For the coprimary end-
points, the subgroup analyses showed a similar benefit with trofinetide
over placeboirrespective of age, baseline RSBQ severity and category
of MECP2 mutation severity (Fig. 3a—c); the results for the sensitivity
analyses and per-protocol analysis were consistent with those of the
primary analyses (Extended Data Table 1).

Key secondary efficacy outcome

The mean (s.e.m.) change from baseline to week 12 in the Communica-
tionand Symbolic Behavior Scales Developmental Profile Infant-Tod-
dler Checklist (CSBS-DP-IT) Social Composite score was —0.1(0.28)
and -1.1(0.28) in the trofinetide and placebo groups, respectively.
MMRM analysis showed a statistically significant difference between
trofinetide and placebo, with an LSM (s.e.m.) treatment difference of
1.0 (0.37) (95% Cl,0.3t01.7; P=0.0064; Cohen’s d effect size, 0.43).

Secondary efficacy outcomes
Results for the other secondary endpoints are shownin Extended Data
Table 2.

Safety analysis
In the respective trofinetide and placebo groups, at least one
treatment-emergent adverse event (TEAE) was reported for 86 (92.5%)
and 51 (54.3%) participants. No deaths were reported. Serious TEAEs
were reported for three participants (3.2%) in each of the treatment
groups (Table 2).

The most common TEAEs in the trofinetide and placebo groups
were diarrhea (80.6% and 19.1%, respectively) and vomiting (26.9%
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Table 1| Baseline demographics and clinical characteristics, RTT history and history of symptoms related to RTT*

Randomized analysis set

Placebo (n=94)

Trofinetide (n=93)

Total (n=187)

Mean (s.d.) age, years 10.9 (4.57) 11.0 (4.69) 10.9 (4.62)
Age categories, n (%)
5-10 years 52 (55.3) 49 (52.7) 101(54.0)
1-15 years 24 (25.5) 25 (26.9) 49 (26.2)
16-20 years 18 (19.) 19 (20.4) 37(19.8)
5-11years 55 (58.5) 53 (57.0) 108 (57.8)
12-16 years 24 (25.5) 23(24.7) 47(25.1)
17-20 years 15 (16.0) 17(18.3) 32(171)
Primary race, n (%)
White 90 (95.7) 82(88.2) 172 (92.0)
Black or African American 1(11) 1010) 2(1)
Asian 1(10) 5(5.4) 6(3.2)
Native Hawaiian or other Pacific Islander 0 101.0) 1(0.5)
Other 2(21) 4(4.3) 6(3.2)
Mean (s.d.) baseline RSBQ total score® 44.4(1213) 43.8 (11.42) 441 (11.76)
Baseline RSBQ severity, n (%)
<35 25(26.6) 23(24.7) 48 (25.7)
235 69 (73.4) 70 (75.3) 139 (74.3)
Mean (s.d.) baseline CGI-S scale score® 4.9 (0.76) 4.9 (0.77) 4.9(0.76)
Baseline CGI-S scale category
1=normal to 3=mildly ill 0 (6] 0
4=moderatelyill 33 (35.1) 32(34.4) 65 (34.8)
5=markedly ill 42 (44.7) 38(40.9) 80 (42.8)
6=severelyill 18 (19.1) 23(24.7) 41(21.9)
7=among the most extremely ill patients 1(10) 0 1(0.5)
Mean (s.d.) RTT-CSS score® at screening 24.2 (6.68) 24.(6.40) 24.1(6.53)
Mean (s.d.) baseline CSBS-DP-IT Social Composite 8.9 (3.23) 8.7(3.32) 8.8(3.27)
score?
Safety analysis set
MECP2 gene mutation severity category, n (%)
Mild 37(39.4) 30(32.3) 67(35.8)
Moderate 8(8.5) 13 (14.0) 21(1.2)
Severe 46 (48.9) 46 (49.5) 92 (49.2)
Unknown 3(3.2) 4(4.3) 7(3.7)
RTT-related medical history, n (%)
Constipation 74 (78.7) 70(75.3) 144 (77.0)
Seizure 47 (50.0) 40 (43.0) 87 (46.5)
Epilepsy 16 (17.0) 20 (215) 36(19.3)
Focal dyscognitive seizures 1(1.0) 2(2.2) 3(1.6)
Partial seizures 1(11) 2(2.2) 3(1.6)
Status epilepticus 2(2.7) 1(1.0) 3(1.6)
Gastrostomy 34(36.2) 37(39.8) 71(38.0)

*No significant differences (P<0.05) were detected between the study groups. P values for continuous variables are based on a t-test. P values for categorical variables with large cell
counts are based on the x? test of association. P values for categorical variables with any small cell counts are based on Fisher’s exact test. "RSBQ consists of 45 items, rated as O="not true’,
1="somewhat or sometimes true’ or 2="very true’, that can be grouped into eight symptom domain subscales graded on a scale of 0-90 (maximum severity)'’; the score for item 31 (‘uses eye
gaze to convey feelings, needs and wishes’) was reversed in the calculations of total score and subscores for all analyses. "The CGI-S scale score uses a Likert scale (1=normal to 7=among
the most extremely ill patients)®. °RTT-CSS is based on 13 items on a Likert scale of either 0-4 or 0-5 with a maximum total score of 58 (a higher score indicates more severe clinical status)®.
4CSBS-DP-IT Social Composite score consists of 13 caregiver-rated items, each scored O="not yet’, 1="sometimes’ or 2="often’, and ranges from O to 26 (an increasing score indicates better

social communication development). CGI-S, Clinical Global Impression-Severity; CSS, Clinical Severity Scale.
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Fig.2|RSBQ total scores, CGl-Iscale scores and RSBQ subscores. a, Mean comparisons (two-sided P=0.0175 and Cohen’s d effect size = 0.37 for the RSBQ
(s.e.m.) change from baseline in RSBQ total score at each study visit in the full change from baseline to week 12 and two-sided P= 0.0030 and Cohen’s d effect
analysis set.b, Mean (s.e.m.) CGl-Iscale score at each study visitin the fullanalysis  size = 0.47 for the CGI-Iscale score at week 12). In ¢, data are presented as LSM
set.c, LSM treatment differences with 95% Cls for the change in RSBQ subscores treatment difference, and whiskers represent the lower and upper limits of the
frombaseline toweek 12.In a,b, dataare presented as mean values +s.e.m.; 95% Cl; Cl widths have not been adjusted for multiplicity. Sample size for each
asterisks at week 12 denote significance based on the LSM treatment difference RSBQ subscore analysis: trofinetide (n = 76) and placebo (n = 85).

from the MMRM analysis in which adjustments were made for multiple

and 9.6%, respectively); of the TEAEs in the trofinetide group, 97.3% aTEAE (trofinetide, n=16 (17.2%); placebo, n =2 (2.1%)), with diarrhea
and 96.0% of diarrhea and vomiting TEAEs, respectively, weremildto  beingthe primary TEAE leading to discontinuation (trofinetide, n =12
moderateinseverity (Table 2). Eighteen participants withdrewdueto  (12.9%)) (Extended Data Table 3).
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onthe MMRM analysis in the full analysis set. Ina-c, dataare presented as LSM
treatment difference, and whiskers represent the lower and upper limits of the
95% Cl; Cl widths have not been adjusted for multiplicity.

Changes in laboratory tests, electrocardiograms and vital signs
were generally small and similar in the treatment groups; none were
considered clinically meaningful. Small, transient changes in alanine
aminotransferase values werereported inseven of 92 (7.6%) and three
of 93 (3.2%) participantsin the trofinetide and placebo groups, respec-
tively (Extended Data Fig. 1). These changes were not associated with
notable changesinother liver function tests,and noinstances met Hy’s
law criteria?’. The most frequently used concomitant medications in
the trofinetide and placebo groups were antiseizure medication (64.5%
and 72.3%, respectively) and drugs for constipation (60.2% and 70.2%);
antipropulsives (thatis, loperamide) were used more frequently in the
trofinetide group (50.5% versus 3.2%), consistent with the treatment
of diarrhea.

Post hoc efficacy analyses

The results for the coprimary endpoints were comparable irrespec-
tive of diarrhea TEAE status (Extended Data Table 4). CGl-Iresponder
rates (defined as CGIl-I score <3 at week 12) were greater in the trofi-
netide group thanin the placebo group (37.7% versus 15.2%; Extended
DataFig.2).

Discussion

In this phase 3 study in alarge cohort of girls and women 5-20 years
of age with RTT, trofinetide demonstrated a statistically significant
improvement over placebo for both the coprimary and key secondary
efficacy endpoints. Treatment with trofinetide improved key symptoms
of the syndrome from the perspective of both the caregiver (RSBQ)
and clinician (CGI-I). Al RSBQ subscores were directionally in favor
of trofinetide, suggesting broad improvement across key symptoms
of the syndrome.

Cohen’s d effect sizes for the coprimary and key secondary end-
points fell in the 0.4-0.5 range (0.37 for the RSBQ, 0.47 for the CGI-I
scaleand 0.43 for the CSBS-DP-IT Social Composite score), suggesting
that the findings of treatment benefit with trofinetide are consistent
and, given that Cohen’s d effect sizes within this range are considered
medium?, clinically meaningful.

The efficacy endpoints are complementary and reflect function-
ally important dimensions of RTT, including the ability to commu-
nicate. The RSBQ shows correlations with functioning, is validated
across a range of ages (2-47 years) in RTT* 7 and is the most widely
used instrument in RTT studies. As a clinician rating, the CGl-I scale
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Table 2 | Summary of TEAEs, the most common TEAEs (25% in any group) and by severity in the trofinetide and placebo

groups (safety analysis set)

TEAEs and preferred term, n (%) Placebo (n=94) Trofinetide (n=93) Pvalue*
Any TEAE 51(54.3) 86 (92.5) <0.0001
Serious TEAE?® 3(3.2) 3(3.2) 0.9894
TEAE leading to drug withdrawal 2(21) 16 (17.2) 0.0005
Fatal TEAE - - -
TEAESs reported in 5% of participants in any group
Diarrhea 18 (19.1) 75 (80.6) <0.0001
Vomiting 9(9.6) 25 (26.9) 0.0022
Seizure 5(5.3) 8(8.6) 0.3775
Pyrexia 4(4.3) 8(8.6) 0.2252
Decreased appetite 2(21) 5(5.4) 0.2419
Irritability - 6(6.5) -
TEAEs reported in >5% of participants in any group by severity
Mild Moderate Severe Mild Moderate Severe
Diarrhea 15 (16.0) 3(3.2) - 39(41.9) 34(36.6) 2(2.2)
Vomiting 8(8.5) 1(1.0) - 18 (19.4) 6(6.5) 101.0)
Seizure 3(3.2) 2(27) - 3(3.2) 5(5.4) -
Pyrexia 2(27) 2(27) - 7(7.5) 1(1.) -
Decreased appetite 1(1.1) 1(1.1) - 2(2.2) 3(3.2) -
Irritability - - - 3(3.2) 2(2.2) 101)

*Two-sided P values were based on a post hoc analysis using the x? test of association. P values <0.05 denote nominal statistical significance. A TEAE is an adverse event with onset date on

or after the first study dose date and no later than the last study dose date +30days. TEAEs were coded using the Medical Dictionary for Regulatory Activities version 24.0. A participant may
have more than one TEAE per preferred term, but a participant is counted at most once per preferred term. Adverse event severity was graded as mild (easily tolerated, minimal discomfort),
moderate (interferes with everyday activities) or severe (incapacitating and/or preventing normal everyday activities). *Serious TEAEs were bacteremia, urinary tract infection and bronchiolitis
(n=1), COVID-19 pneumonia (n=1) and seizure (n=1) in the participants treated with trofinetide; and respiratory distress (n=1), constipation (n=1) and pneumatosis intestinalis (n=1) in the

participants treated with placebo.

provides clinical meaningfulness to the caregiver-rated coprimary
endpoint and has been widely used in clinical trials of RTT and other
neurodevelopmental disorders'®*-*-*, In this study, CGl-Iscale ratings
were assessed using RTT-specificanchors across major symptom areas
that were developed to improve trial outcomes?’, and an effort was
made to standardize the CGI-I scale rating by independently rating
case vignettes to fidelity as compared with a gold-standard rating®.
Communicationis one of the mostimportant concerns for caregivers
in RTT*, and the items comprising the CSBS-DP-IT Social Composite
score are the most commonly used communication modalities by
individuals with RTT.

Mild or moderate diarrhea was frequently associated with trofi-
netide and was responsible for the majority of discontinuations due to
TEAEs; however, diarrhea was self-limited and resolved soon after with-
drawal of trofinetide. Theimplementation of a diarrhea-management
plan partway through the study, which involved the adjustment
or discontinuation of laxative medications commonly taken for
RTT-associated constipation, the initiation of fiber supplements and
antidiarrheal medication and dose reduction or interruption of trofi-
netide, if necessary, appeared to mitigate this risk, as 75% of partici-
pantsreceivingtrofinetide completed the study. Furthermore, analyses
indicate that the risk of functional unblinding due to animbalance of
TEAEs of diarrheadid not bias the efficacy datain favor of trofinetide.
Given that most participants were using concomitant antiseizure
medication, many of which cause changesin liver enzymes**, the mini-
mal effect on liver enzymes in this study does not preclude the use of
trofinetide with these drugs.

The exclusion of individuals without a documented
disease-causing MECP2 mutation, males and individuals <5 and
>20 years of age are limitations of the study and were based on

considerations of study design to reduce variability in the popula-
tion sample. Males with RTT were not enrolled due to the rarity of
cases and variable phenotype in these individuals®. Although the study
enrolled females exclusively, based on the underlying pathophysiol-
ogy of RTT and the biological effects of trofinetide, the results should
be applicable to the fewer males with RTT as well. Adults >20 years
of age were not included due to the challenge of controlling for wide
discrepancies in services available to individuals in the United States
after they are no longer eligible for services through the educational
system. However, similar efficacy is anticipated in older individuals,
giventhe benefit observedinthe phase 2 study thatincluded individu-
als 15-44 years of age” and the age subgroup analysis results in this
study. The primary reason for maintaining an age cutoff of >5 years
was in consideration of the variable early developmental regression
inthis agerange. An ongoing study (https://clinicaltrials.gov identifier
NCT04988867) is investigating the safety and pharmacokinetics of
trofinetide in individuals with RTT as young as 2 years of age®. Of the
187 participantsin the LAVENDER study, 154 elected to roll over to the
open-label LILAC extension study (NCT04279314) and may be eligible
to enter the follow-up LILAC-2 extension study (NCT04776746); both
willinform on the long-term safety of trofinetide.

In conclusion, statistically significant differences were demon-
strated between trofinetide and placebo for efficacy endpoints relevant
to RTT, suggesting that trofinetide is potentially capable of modifying
core symptoms consistent with the underlying pathophysiology of
the syndrome. Furthermore, this study demonstrated an acceptable
safety profile for trofinetide. When we evaluate the benefit versus risk
associated with trofinetide, it is important to consider the medium
effect size that was demonstrated for the efficacy endpoints, which
canbeinterpreted as clinically meaningful, particularly as thisisarare
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disease with a high burden for patients and families. When we consider
the risk element, it is important to note that diarrhea and vomiting
wereissues of tolerability, not safety. Almost all TEAEs of diarrhea and
vomiting were mild or moderate in severity and can be managed with
appropriateinterventions. Given that numerous phase 2 and 3 studies
in neurodevelopmental disorders including RTT have failed to meet
efficacy endpoints®*¥, these findings represent the first time treatment
ofaneurodevelopmental disorder hasbeenshowntobebeneficialina
large, controlled study and provides hope for ameaningful therapeutic
developmenttotreat RTT.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability areavailable at https://doi.org/10.1038/s41591-023-02398-1.
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Methods

Study design

The study designand methods have been published previously®. In this
randomized, parallel-group, placebo-controlled study conducted at
21sites in the United States, participants were stratified by age (5-10,
11-15and 16-20 years) and baseline RSBQ severity (<35 and >35 total
score) and randomized 1:1 to trofinetide or placebo using an interac-
tiveresponse technology system viaa pre-generated permuted-block
randomization schedule. The sponsor, participants, caregivers and
clinicians were blinded to treatment assignment via restriction to treat-
ment codes and theidentical appearance of the study drug and placebo.

A single dose level of trofinetide was tested using weight-based
dosingto achieve the target exposure identified based onthe results of
the previous phase 2 study'. Trofinetide was given at 30 ml (6 g), 40 ml
(8g),50 ml (10 g) or 60 ml (12 g) BID orally or by gastrostomy tube for
participants weighing 12-20, >20-35, >35-50 and >50 kg, respectively
(equivalent to arange of 200-500 mg per kg BID).

The study included a screening period of <3 weeks, a 12-week
double-blind treatment period and a 30-day safety follow-up for par-
ticipants who did not continue into the open-label extension study
(https://clinicaltrials.gov, NCT04279314). The study was conducted in
compliance with guidelines from the International Council for Harmo-
nisation (Good Clinical Practice), the Declaration of Helsinki and the
Health Insurance Portability and Accountability Act. The protocol was
approved by central (WCG IRB) and local institutional review boards.
Before screening, informed consent was obtained from the parent or
guardian on behalf of the participant.

Study population

Girls and women 5-20 years of age with RTT, a score of 10-36 on the
RTT Clinical Severity Scale’ and a CGI-S score” of >4 (moderate) were
included. Eligible participants were at least 6 months after regression at
screening (thatis, noloss or degradationin ambulation, hand function,
speech or nonverbal communicative or social skills within 6 months of
screening) and had a stable pattern of seizures or no seizures, within
8 weeks of screening. Key exclusion criteria were current clinically
significant cardiovascular, endocrine, renal, hepatic, respiratory or
gastrointestinal disease or major surgery planned during the study;
treatment with insulin, IGF-1 or growth hormone within 12 weeks of
baseline; known history or symptoms of long QT syndrome; and QTcF
interval >450 ms, history of risk factor for torsades de pointes or clini-
cally meaningful QT prolongation deemed to increase risk. Full inclu-
sion and exclusion criteria are listed in Supplementary Table 1.

Intervention
Trofinetide (200 mg ml™ solution) or matching placebo was admin-
istered orally or by gastrostomy tube BID (doses at least 8 h apart).

Assessments

Coprimary and key secondary efficacy assessments using the RSBQ,
the CGl-Iscale and the CSBS-DP-IT Social Composite score were com-
pleted at baseline (except the CGl-Iscale) and at each visit (weeks 2, 6
and 12 (orend of treatment)). The RSBQ s a caregiver-completed scale
assessing key symptoms of RTT" andincludes 45 items (rated as 0 = ‘not
true’, 1="somewhat or sometimes true’ or 2 = ‘very true’) that can be
grouped into eight symptom domain subscales. The score for item 31
(‘uses eye gaze to convey feelings, needs and wishes’) was reversed in
the calculations of total score and subscores for all analyses. The CGI-I
scaleis a clinician rating of global clinical change using a seven-point
scale with RTT-specific anchors?. The CSBS-DP-IT Social Composite
scoreis derived fromthe Communicationand Symbolic Behavior Scales
Developmental Profile, originally developed to assess communication
and social interaction skills in young children’®, and can be used for
older children with developmental delay***°. The CSBS-DP-IT Social
Composite score consists of 13 caregiver-rated items, each scored

0 ="notyet’,1="sometimes’ or 2 = ‘often’. Safety assessmentsincluded
TEAEs, clinical laboratory assessments, vital signs and electrocar-
diograms. A full description of the schedule of study procedures is
described in Supplementary Table 2.

Efficacy endpoints

Coprimary endpoints were the change from baseline to week 12 in
RSBQtotalscore and the CGl-Iscalescore at week 12. The key secondary
endpoint was the change from baseline to week 12 in the CSBS-DP-IT
Social Composite score. A prespecified subgroup analysis examined
treatment effects by age, baseline RSBQ severity and MECP2 mutation
severity as categorized according to the RTT Natural History Study*..

Post hoc efficacy analyses

Two additional efficacy analyses were conducted post hoc: CGl-Iscale
responders (scores <3) at week 12 and coprimary endpoints assessed
in the presence or absence of the most commonly reported TEAE
of diarrhea.

Statistical analysis
Asample size 0f 184 participants (92 per group) was planned to provide
90% power for both coprimary endpoints combined with a two-sided
significance level of 0.05. Efficacy was assessed in the full analysis set
(received at least one dose and had a baseline value and at least one
post-baseline value for the RSBQ or the CGl-Iscore); the safety analysis
set consisted of participants who received at least one dose.
Coprimary and key secondary efficacy endpoints were analyzed
using the MMRM method assuming data missing at random. The
MMRM included randomization strata of age group and baseline RSBQ
severity score, baseline RSBQ (for RSBQ analysis), baseline CGI-S (for
CGl-Iscale analysis) and baseline CSBS-DP-IT Social Composite score
(for the key secondary endpoint), treatment, visit, treatment-by-visit
interactionand baseline-by-visit interaction as fixed effects and partici-
pant as arandom effect; an unstructured covariance matrix modeled
within-participant errors. The Kenward-Roger method was used for
calculating denominator degrees of freedom for tests of fixed effects.
Each coprimary endpoint was considered positive if P< 0.05,and both
must be positive for the study to be positive. If both coprimary end-
points were positive, the key secondary endpoint was also considered
positiveif P< 0.05and was statistically controlled for typelerrorat 5%
through ahierarchical sequential gatekeeper procedure. Effect size was
determined with Cohen’s d*. Sensitivity analyses of the coprimary end-
pointsincluded multipleimputations based on pattern-mixture mod-
els assuming missing not at random using the analysis of covariance
method, the use of actual derived baseline values for randomization
strata (MMRM) and visits impacted by COVID-19 (analysis of covari-
ance); a supportive analysis (MMRM) used the per-protocol analysis
set. Possible intercurrent eventsincluded treatment discontinuation
not due to COVID-19, treatment discontinuation due to COVID-19,
COVID-19 events leading to intermediate missing data, non-COVID-19
events leading to intermediate missing data and remote assessments
(regardless of COVID-19 or not). Observations on the coprimary effi-
cacy endpoints were used regardless of the occurrence of intercurrent
events. Alternative approaches to handling intercurrent events are
addressed in sensitivity analyses. The following sensitivity analyses
of the coprimary efficacy endpoints were planned and conducted to
account for intercurrent events of treatment discontinuations and
missing assessments. For the pattern-mixture models assuming miss-
ing not at random, the sensitivity analysis was implemented for the
full analysis set using multiple imputations based on the distribution
of placebo group responses over time. The underlying assumption is
that missing data dueto early withdrawal of participants evolvesinthe
same way as the data for placebo-treated participants who remainin
the study. For missing data due to COVID-19, this sensitivity analysis
operates under the assumption that missing data after withdrawal due
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to COVID-19 are missing at random, while missing data after withdrawal
not due to COVID-19 are not missing at random and are assumed to
evolve in the same manner as for placebo-treated participants who
remaininthe study. Statistical analyses were performed using version
9.4 of SAS. The statistical analysis plan and protocol are available at
Protocol Exchange.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

This clinical trial was sponsored by Acadia Pharmaceuticals. Acadia sup-
ports datasharing consistent with the Principles for Responsible Clini-
cal Trial Data Sharing and International Committee of Medical Journal
Editors’ recommendations. Acadiashares datafrom completed clinical
trials through publicregistries (https://clinicaltrials.gov), presentation
atscientific congresses and through openaccessin peer-reviewed jour-
nals. Clinical study results from this study were submitted to https://
clinicaltrials.gov in April 2023. Additional, related information nec-
essary to appraise the quality and robustness of the findings (study
protocol, statistical analysis plan) is available in the Supplementary
Information. The authors will provide access toindividual-deidentified
participant-level data that underlie the data presented in this paper,
including datadictionaries, the study protocol and other relevant infor-
mation, to any researcher who provides amethodologically sound pro-
posal for academic purposes to interpret, verify and extend research
inthearticle beginning 6 months and ending 5 years after article pub-
lication. Requests for the ‘minimum dataset’ should go through Acadia
Medical Information and will be reviewed by the sponsor (Acadia) to
verify whether the request is subject to any intellectual property or
confidentiality obligations. For additional information, please contact
Acadia Medical Information at medicalinformation@acadia-pharm.
com. Source data are provided with this paper.
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Extended Data Table 1| Primary Analysis, Sensitivity Analysis (Actual Derived Baseline Values for Randomization Strata,
Ml for MNAR PMM, Ml for Covid-19 MAR PMM) and Supportive Analyses (Per Protocol) of the Coprimary Endpoints

Endpoint Analyses Mean (SD) at Baseline LSM (SE) Change from Trofinetide Group Comparison
Baseline at Week 12 for (Trofinetide-Placebo)
RSBQ (or CGI-I Scale Score
at Week 12)
Placebo Trofinetide Placebo Trofinetide Model LSM Difference  Two-sided  Effect Size
(n=93) (n=91) (n=93) (n=91) (SE) P-value (Cohen’s d)
Coprimary analysis

RSBQ 44.5 (12.20) 43.7 (11.52) —1.7 (0.90) —4.9 (0.94) MMRM —-3.1(1.30) 0.0175 0.37
RSBQ sensitivity and supportive analyses

MI MNAR PMM — — -1.9 (1.24) —4.7 (1.27) ANCOVA —2.7(1.29) 0.0338 NA

MI Covid-19 MAR PMM — — -2.0(1.20) -4.7(1.24)  ANCOVA -2.7(1.30) 0.0406 NA

Derived basefine RSBQ 445(1220)  43.7(1152)  —1.7(0.90)  —49(0.94)  MMRM -3.2(1.30) 0.0143 0.38

randomization strata

Per protocol 44.6 (12.21) 43.6 (11.42) =1.7.(0.91) —4.8 (0.96) MMRM =3.1(1.32) 0.0215 0.36
Coprimary analysis

CGI-1 — — 3.8 (0.07) 3.5(0.07) MMRM —0.3 (0.10) 0.0030 0.47
CGI-I sensitivity and supportive analyses

MI MNAR PMM — — 3.9 (0.08) 3.6 (0.09) ANCOVA —0.3 (0.10) 0.0112 NA

MI Covid-19 MAR PMM — — 3.9(0.09) 3.6 (0.09) ANCOVA —0.3 (0.10) 0.0100 NA

Derived baseline RSBQ 3.8(0.07) 3.5(0.07) MMRM —0.3 (0.10) 0.0029 0.47

randomization strata o B
Per protocol — — 3.8(0.07) 3.5(0.07) MMRM —0.3 (0.10) 0.0032 0.47

Baseline was the latest nonmissing value prior to the first dose of study drug. Missing data were multiply imputed for 50 times based on the available nonmissing data of the
placebo group.

ANCOVA denotes analysis of covariance, CGI-I Clinical Global Impression-Improvement, LSM least squares mean, MAR missing at random, MI multiple imputation,
MMRM mixed-effect model for repeated measures, MNAR missing not-at-random, NA not applicable, PMM pattern-mixture model, RSBQ Rett Syndrome Behaviour
Questionnaire, SD standard deviation, SE standard error.
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Extended Data Table 2 | Change From Baseline to Week 12 in the Other Secondary Endpoints (Full Analysis Set)

Overall Quality of Life RTT-Hand Function RTT-Ambulation and RTT-Ability to RTT-Verbal CGI-S RTT-CBI Total Score ICND Scale Total Score
Rating of the ICND Scale (0 = normal function to Gross Motor Skills Communicate Choices Communication (1=normal to (0 =never to 5 = nearly (0 =no impact to
(1 “Poor” to 6 7 = most severe (0 = normal function to (0 = normal function to (0 = normal function to 7 = extremely ill) always) 132 = severe impact)
“Excellent”) impairment) 7 = most severe 7 = most severe 7 = most severe
impairment) impairment) impairment)
PBO TRO PBO TRO PBO TRO PBO TRO PBO TRO PBO TRO PBO TRO PBO TRO
(n=93) (n=91) (n=93) (n=91) (n=93) (n=91) (n=93) (n=91) (n=93) (n=91) (n=93) (n=91) (n=93) (n=91) (n=93) (n=91)
Change from baseline to
Week 12
n 80 73 83 76 83 76 82 76 83 76 86 77 81 73 42 35
Mean (SE) 0.1(0.09) 0.2(0.10) 0.0(0.08) | ~0.1(0.08) | -0.1(0.06) | —02(0.09) | 0.0(0.10) | -0.4(0.12) | 0.0(0.06) 0.0 (0.07) 0.0(0.04) | ~0.1(0.03) | -04(094) | -12(1.03) | -22(3.23) | -6.2(3.60)
ANCOVA* or MMRM**
analysis
LSM (SE) 0.1 (0.09) 0.2(0.09) 0.0(0.07) | —0.1(0.08) | 00(0.07) | 02007 | 00(0.10) | -0.4(0.11) 0(0.06) 0(0.06) 0(0.03) 0.0(0.03) | —04(096) | -1.1(101) | -1.93.14) | 6.5 (3.44)
95% CI (-0.1,02) (0.0,0.4) (-02,0.1) | (03,000 | (-02,01) | (-03,00) | (-02,02) | (-0.6,-0.1) | (-0.1,0.1) | (-0.1,0.1) | (-0.1,00) | (-0.1,0.0) | (-23,1.5) | (-3.1,09) | (-82,43) | (-133,04)
Difference from placebo
LSM difference (SE) 0.1(0.13) ~0.1(0.11) ~0.1(0.10) ~03(0.15) 0(0.08) 0(0.05) ~0.8 (1.40) ~4.5(4.67)
95% CI (-0.1,0.4) (-03,0.1) (-03,0.1) (-0.6, 0.0) (-02,02) (-0.1,0.1) (-3.5,2.0) (-13.8,4.8)
Two-sided P-value 02507 03649 02114 00257 09799 05304 05855 03376
Effect size (Cohen’s d) 0.19 0.14 0.19 036 0 0.10 0.09 0.22
*Overall Quality of Life Rating of the ICND Scale, RTT-CBI Total Score, ICND Scale Total Score (includes age group, baseline RSBQ severity, and planned treatment as factors, and baseline total score as a covariate).
**RTT-Hand Function/Ambulation and Gross Motor Skills/Ability to Communicate Choices/Verbal Communication, CGI-S (includes age group, baseline RSBQ severity, planned treatment, study visit, by baseline-b; and baseline score as
fixed effects. An unstructured covariance matrix is used to model within-subject errors. Kenward-Roger method is used for calculating the denominator degrees of freedom for tests of fixed effects).
Note: CI widths have not been adjusted for multiplicity.
ANCOVA denotes analysis of covariance, CBI Caregiver Burden Inventory, CGI-S Clinical Global Impression-Severity, CI confidence interval, ICND Impact of Childhood Neurologic Disability, LSM least squares mean, MMRM mixed-effects model for repeated measures, PBO
placebo, RTT Rett syndrome, SE standard error, TRO trofinetide.
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Extended Data Table 3 | Treatment-Emergent Adverse Events Leading to Drug Withdrawal (Safety Analysis Set)

MedDRA System Organ Class Preferred Term Placebo Trofinetide
(n=94) (n=93)
n (%) n (%)
Any TEAE leading to drug withdrawal 2(2.1) 16 (17.2)
Gastrointestinal disorders 1(1.1) 14 (15.1)
Diarrhea — 12 (12.9)
Frequent bowel movements — 1(1.1)
Gastroesophageal reflux disease — 1(1.1)
Pneumatosis intestinalis 1(1.1) —
Vomiting — 1(1.1)
Investigations — 1(1.1)
Weight decreased — 1(1.1)
Metabolism and nutrition disorders — 33.2)
Decreased appetite — 3(3.2)
Musculoskeletal and connective tissue disorders 1(1.1) —
Arthralgia 1(1.1) —
Nervous system disorders — 4(4.3)
Lethargy — 2(2.2)
Seizure — 2(2.2)
TEAEs were coded using MedDRA version 24.0. A TEAE is an adverse event with onset date on or after the
first study dose date and no later than last study dose date + 30 days. A participant may have more than one
TEAE per system organ class or preferred term but is counted at most once per system organ class and
preferred term.
MedDRA denotes Medical Dictionary for Regulatory Activities, TEAE treatment-emergent adverse event.
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Extended Data Table 4 | RSBQ Total Score Change From Baseline at Week 12 and CGI-I Scale Score at Week 12 in Participants
With and Without Diarrhea (Full Analysis Set)

Placebo Trofinetide
Reported No Reported Reported No Reported
Diarrhea Diarrhea Diarrhea Diarrhea
(n=18) (n=175) (n=173) (n=18)
RSBQ
Baseline
n 18 75 73 18
Mean (SE) 43.7 (2.93) 44.7 (1.41) 44.5 (1.39) 40.5 (2.31)
Change from baseline to week 12 (MMRM¥*)
LSM (SE) -2.3(2.01) -1.7 (1.04) =5.1(1.01) —4.0 (2.17)
CGI-I
Week 12 MMRM**
LSM (SE) 3.7 (0.17) 3.8 (0.07) 3.6 (0.09) 3.4 (0.14)

*The MMRM for RSBQ included age group, baseline RSBQ severity, planned treatment, study visit, treatment-
by-visit interaction, baseline-by-visit interaction, and baseline total score as fixed effects. An unstructured
covariance matrix was used to model within-subject errors. Kenward-Roger method was used for calculating
the denominator degrees of freedom for tests of fixed effects.

**The MMRM for CGI-I included age group, baseline RSBQ severity, planned treatment, study visit,
treatment-by-visit interaction, baseline CGI-S-by-visit interaction, and baseline CGI-S as fixed effects. An
unstructured covariance matrix was used to model within-subject errors. Kenward-Roger method was used for
calculating the denominator degrees of freedom for tests of fixed effects.

CGI-I denotes Clinical Global Impression-Improvement, CGI-S Clinical Global Impression-Severity, LSM
least squares mean, MMRM mixed-effect model for repeated measures, RSBQ Rett Syndrome Behaviour
Questionnaire, SE standard error.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.
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|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

O0OX O O00000%
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

This clinical trial was sponsored by Acadia Pharmaceuticals Inc. Acadia supports data sharing consistent with the Principles for Responsible Clinical Trial Data Sharing
and International Committee of Medical Journal Editors’ (ICMJE) Recommendations. Acadia shares data from completed clinical trials through public registries
(clinicaltrials.gov), presentation at scientific congresses, and through open access in peer-reviewed journals. Clinical study results from this study will be submitted
to clinicaltrials.gov in April 2023. Additional, related information necessary to appraise the quality and robustness of the findings (study protocol, statistical analysis




plan) will be available through supplemental material. The authors will provide access to individual deidentified participant-level data that underlie the data
presented in this paper, including data dictionaries, the study protocol and other relevant information, to any researcher who provides a methodologically sound
proposal for academic purposes to interpret, verify and extend research in the article beginning 6months and ending Syears after article publication. Requests for
the ‘minimum dataset’ should go through Acadia Medical Information and will be reviewed by the sponsor (Acadia) to verify whether the request is subject to any
intellectual property or confidentiality obligations. For additional information, please contact Acadia Medical Information at medicalinformation@acadia-
pharm.com.

Human research participants
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Reporting on sex and gender The study included only female subjects. The vast majority of people with Rett syndrome are female.

Population characteristics Females aged 5 to 20 years, with documented MECP2 mutation and diagnosis of classic/typical Rett syndrome with at least 6
months post-regression at screening

Recruitment Subjects in this study were recruited from 21 sites scattered across the United States. Subjects from 39 states were enrolled.
All sites were located at or affiliated with academic medical centers. Investigators recruited families from their clinical
databases, through a centralized website referral campaign, through postings on clinicaltrials.gov, and through referrals from
various advocacy websites. To promote equitable opportunity to participate in the trial, logistical, travel, accommodation,
and financial support were offered to families to help eliminate socioeconomic barriers to participation. Children aged less
than 5 years were excluded due to the variable early developmental regression in this age range; older adults (> 20 years)
were excluded due to the challenge of controlling for wide discrepancies in services available.

Ethics oversight The study was conducted in compliance with guidelines from the International Council for Harmonisation (Good Clinical
Practice), the Declaration of Helsinki, and the Health Insurance Portability and Accountability Act. The protocol was approved
by central (WCG IRB) and local institutional review boards. Prior to screening, informed consent was obtained from the
parent or guardian on behalf of the participant.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The sample size calculation was performed for the co-primary endpoints as a family of two hypothesis tests at an overall two-sided
significance level of 0.05. A total sample size of 174 subjects in a 1:1 ratio to trofinetide or placebo was estimated to provide at least 90%
power for the hypothesis testing family assuming the following treatment differences (SD) estimated from Phase 2 study data: -4.4 (8) for the
mean change from Baseline to Week 12 in the RSBQ total score and -0.5 (0.7) for the CGI-I mean score at Week 12.

The sample size of 174 subjects will provide at least 95% power at a two-sided significance level of 0.05 for each individual hypothesis test
within the family. Trofinetide will be claimed to be superior to placebo if both hypothesis tests within the family are shown to be statistically
significant at 0.05. Therefore, the overall power to detect a treatment difference on both of the co primary endpoints will be at least 90%
(0.952).

Adjusting for an anticipated discontinuation rate of up to 5%, approximately 184 subjects will be randomized in a 1:1 ratio to trofinetide or
placebo.

Data exclusions  Data analysis sets were predefined and included the Safety Analysis Set (N=187, trofinetide n=93, placebo n=94) and Full Analysis Set (N=184;
trofinetide n=91, placebo n=93) as defined in the protocol and the statistical analysis plan.

Replication Sensitivity analyses including those to account for missing data were performed in addition to the primary analysis. Results for the coprimary
endpoints were similar between the primary analysis and the sensitivity analyses.

Randomization  Study participants were stratified by age (5-10, 11-15, and 16—20 years) and baseline RSBQ severity (<35 and >35 total score) and
randomized 1:1 to trofinetide or placebo using an interactive response technology system via a pre-generated permuted-block randomization
schedule.

Blinding The sponsor, participants, caregivers, and clinicians were blinded to treatment assignment. Participants were assigned to trofinetide or
matching placebo.
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov Identifier: NCT04181723
Study protocol The study protocol is available and will be uploaded to the Protocol Exchange.

Data collection All study specific information obtained at each study visit were recorded in the subject’s record (source documentation) and then
entered into a validated electronic data capture (EDC) database by trained site personnel. The source documentation consisted of
source notes captured by site personnel and the caregiver diaries, as well as laboratory reports, ECG reports, and electronic source
data. Subject data required by this study were collected at the academic medical center/study site and recorded in an EDC system on
electronic case report forms (eCRFs). The Investigator and his or her site personnel were responsible for completing the eCRFs.
Subjects were recruited between October 29, 2019, and October 28, 2021.

Outcomes The two coprimary endpoints were the change from baseline to week 12 in Rett Syndrome Behaviour Questionnaire (RSBQ) total
score and the Clinical Global Impression - Improvement (CGl-1) scale score at week 12. The key secondary endpoint was the change
from baseline to week 12 in the Communication and Symbolic Behavior Scales Developmental Profile™ Infant-Toddler (CSBS-DP-IT)
Checklist — Social Composite Score. The coprimary and key secondary efficacy assessments were completed at baseline (except CGI-I
scale) and each visit (weeks 2, 6, and 12 [or end of treatment]).

The caregiver-rated RSBQ consists of 45 items—rated as 0 = “not true,” 1 = “somewhat or sometimes true,” or 2 = “very true” —that
can be grouped into eight symptom domain subscales graded on a scale of 0-90 (maximum severity). The clinician-rated CGI-I scale
score uses a Likert scale (1 = very much improved to 7 = very much worse). The CSBS-DP-IT Social Composite score consists of 13
caregiver-rated items, each scored 0 = “not yet,” 1 = “sometimes,” or 2 = “often” and ranges from 0 to 26 (an increasing score
indicates better ability to communicate).

No changes to trial outcomes were made after the trial commenced.
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