Establishing the Rett Syndrome Developmental Milestone Assessment
RS-DMA) as a Primary Endpoint for Interventional Studies
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To psychometrically validate the RS-DMA — a standardized video-based, individualized assessment evaluating the gain or Feasibility: Table 1: Summary of the psychometrics of RS-DMA across the 28 milestones
regain of 28 developmental milestones across communication, fine motor, and gross motor domains — as a fit-for-purpose Is it possible to rate milestones using video capture
. ooint § BT mterventional triale. inelading in & cinl otal Study decion uel it e methods? e
primary endpoint for use in interventional trials, including in a single-arm pivotal study design using a plateau-anchored, o The RS-DMA met feasibility criteria, with a mean P N % Agree PABAK Interpretation N % Agree PABAK Interpretation
baseline-adjusted (PABA) analysis framework o L M10: Finger fed 11 100 1 Excellent 8 100 1 Excellent
J ( ) y feasibility score of 8.27 (SD=1.17), indicating 83% of (%" m11: Pincer grasp 11 818 0636 Substantal 8 898 0797 Substantial
RS-DMA video recordings were deemed feasible for M12: Taken a drink from a cup held without assistance 11 = 100 1 Excellent 8 962 0923  Excellent
central rating M13: Hold bottle 11 100 1 Excellent 8 915 083  Excellent
. . . M14: Used a spoon (or fork) to eat without assistance 11 100 1 Excellent 8 948 0.896 Excellent
B ac k ro u n d O Though high, to avoid any missed measurements, M15: Used a spoon (or fork) to eat with assistance 11 100 1 Excellent 8 96.2 0.923  Excellent
qua“ty control and recapture processes can be m;B;{TranhSEerrf‘d an object from one hand to the other H 5;110% . (;36 SEEC?IIe?t| g 912(?] - ;62 EExcellllentt
. o . . . . Reach r1or toy o a ubstantia . . xcelien
implemented in interventional settings to avoid any M9: Used raking grasp to retrieve an object 11 90.9 0.818 Excellent 8 929 0857  Excellent
© FDA's 2025 draft auid , uati iinical benefit i data loss M17: Come to sitting 11 100 1 Excellent 8 89.8 0.797 Substantial
S raft guidance supports evaluating clinical benefit in ) . i . . % M18: Sat without Support 11 100 1 Excellent 8 887 0775 Substantial
Sing|e-arm designs using alternative controls such as our novel Flgure 1: RTT RNHS data anaIySIS demonStrated that aﬁer 6 yearS Of Is video I"atltl‘;l)g as accurate as In-person M19: Pulled to standing 11 81.8 0.636  Substantial 8 92 0.841 Excellent
! . . ic ~N9 i i ini ini * assessment- M20: Stood independently 11 100 1 Excellent 8 962 0.923 Excellent
Plateau-Anchored Baseline-Adjusted (PABA) analysis framework for age, there is ~0% likelihood of gaining or regaining 28 DMs o i : M21: Stood while holding on 1100 1 Excellent 8 843 0687 Substantial
- : 13 The reliability between Central Raters and Site _
gene therapies in heterogenous rare diseases I : | M22: Walked independently 11 100 1 Excellent 8 959 0918  Excellent
o Endpoints for such trial designs must be fit-for-purpose Graph is for illustrative purposes : Assessors Raters were substantial to excellent ©) M23: Walked with support 11 100 1 Excellent 8 898 0797 Substantal
-orE g only and is not derived from agreement on 27 of the 28 milestone items M24: Ran 10 ft without falling 11 100 1 Excellent 8 100 1 Excellent
psychometrically strong, control for type 1 errors, be clinically natural history data. I (Table 1), and moderate agreement on 1 milestone M25: Climbed up stairs without help 11 909 0818  Excellent 8 959 0918  Excellent
meaninaful. incorporate patient and careaqiver priorities. and measure | “ e y . ’ M26: Climbed up stairs with help 11 909 0.818 Excellent 8 96.7 0.934 Excellent
meaningtul, INCorp pall , giver priorities, al u : Identifies body parts,” with some raters reporting M27: Climbed downstairs without help 11 909 0818 Excellent 8 94 0879  Excellent
individualized improvements for rigorous, blinded evaluation of o : qualitatively that the eye tracking device assisted in M28: Climbed downstairs with help 11 909 0818 Excelent 8 967 0934  Excellent
- igati i = ARl ‘o i : M1: Waves bye-bye 11 100 1 Excellent 8 942 0885  Excellent
o gvtetstlga(;uonal t?;.;?.’;le S d | tal di d -:?‘u;) § | By age 6, there is a <6.7% 1\:23Ier(')att))lgiyegol’raat::re]gt?lascm;laetzgorr;leoI('zIgour:]epé tBe).an d @ M2: FoIIowedya cgmmand without a gesture 11 100 1 Excellent 8 92 0.841 Excellent
etlt synarome IS a rare neuroaevelopmental aisoraer ¥ @ | likelihood tha’t untreated inc.iividuals - M3: Followed a command with a gesture 11 81.8 0.636 Substantal 8 832 0.665 Substantial
characterized by lost or missed developmental milestones (DMs) EE | with Rett will gain new milestones or accurate scoring by enabling raters to pause and 3 i e OB ok U lev e ITETE I 1 722748 U450 Wodatataly R Beaex FO3021 Bmrains
. . . . . c = i ilest that lost aft 1 1 H i . used words with meaning xcellen xcelien
across thre_e fo?CtIOI’\a! doma!n§_ (commqnlcgt_lon, ﬂn_e motor, gro_ss 8 % | regan;rgézﬁec:jnﬁﬁm;ervzﬁr;e:; aner reV|e\_/v recor.dlngs, wheregs site assessors_scor_ed n M6: Spoken in phrases (2 words or more) with meaning 11 100 1 Excellent 8 96.7 0.934 Excellent
motor function) impacting activities of daily living, with substantial 5 £ I real time while also focusing on test administration M?7: Pointed for something they wanted 11 909 0818 Excellent 8 901 0802  Excellent
clinical heterogeneity and is the focus of multiple ongoing gene £ 9 | - ) . .
therapy clinical trials leveraging single-arm designs 8 § I Fidelity: How consistent are the administrations Validity: How comparable is the RS-DMA Historical Caregiver Interview vs. Performative
O Existing Clinical Outcome Assessments (COAs) in RTT are not 2 Uptto 97% Iik_Tlif;ood of I across sites with the RS-DMA standardization? RS-DMA for each milestone — Is Baseline Assessment Alone Enough to Control for
spontaneolls milesione gain O The RS-DMA met fidelity criteria, with a mean score Type 1 Error?
well-suited as primary endpoints in single-arm designs using a PABA before age 6 may create in I - ’ : y | _ o _
analysis framesvorks_g/ as tr?ey cannot bge bias-mitiggted thro?Jgh 0% distinguishing treatment i of 85.8% (SD=3.30%). The RS-DMA domains of O There was a range of Slight to Excellent agreement between the RS-DMA Historical Caregiver
effect from spontaneous communication, fine motor, and gross motor | i rf ive RS-DMA wi f 0 ' fi
: : : : : | ) ) nterview vs performative with an average of 81.8% and more than a third of items
blinded video reV|ewJ,[r:af[:I|< a;aturalltlh!ftc;ry_ag_chgreﬁ plgtesu, orrely improvement : domains achieved mean fidelity scores of rating at Slight or Fair
on summary scores that lack sensitivity to individualized change 0 — 0 0 - 0 . . . . .
M 4 . g AGE: 0 1 2 3 4 57/~ 10 — 15 — 20 — 25 — >30 > 86.5% (SD=6.58%), 86.8% (SD=5.37%) and O This discordance demonstrates that baseline assessment alone is not sufficient to
© Recent analyses of the U.S.-based RTT and RTT-related Disorders Pre-Developmental Plateau Population Developmental Plateau Population 88.4% (SD=5.91%), respectively. There were no control for Type 1 error — discordance was due to greater reports of abilities from caregiver
Natural History .Stuc.iy (R.NHS) |dent|f|ed. 28 developmental mllestor.les (age <6 years) (age 26 years) 8|gn|f|c§nt Fjlﬁer_en_ces across S|t§s_ o than were demonstrated during in-clinic assessments, highlighting the importance of controlling
across communication, fine motor function, and gross motor domains . ) © These findings indicate that administration fidelity for both the historical report as well as performative assessment (for example at a trial baseline
that establish a developmental plateau that could be used to design a Communication @ Fine Motor % | rossMotor @ was uniformly high across three decentralized study visit) to establish true milestone eligibility and control for type 1 errors (Figure 4). This is
novel individualized endpoint. These milestones are statistically - Pointed for something Reached for toy o Come to sitting sites following protocol-specified assessor training, particularly relevant in the context of a single-arm interventional trial in which the only control is
unllkely to be galned or regamed (after a prespec;lfled time since |OSS) they waPted ) Holds bottle unpropped o Sat without support standardlgatlon, apd qual!ty-control procedures,. each participant’s pre-treatment milestone abi|ity and expected spontaneous gain/regain based
in the plateau population after a prespecified time since loss o UbmdEpeEE Used raking grasp to o Stood while holding on underscoring confidence in the RS-DMA's consistent on natural history
(Figure 1)° et command win rorieve an oblec o Pulled to stancing delivery and trial-readiness O Convergent validity between the RS-DMA and corresponding COAs items varied based on the
sed pincer grasp Stood independentl .
O Building on this work, we developed the Rett Syndrome o Identified body parts (refined or modified) Z Walked Witf, suppox Reliability: similarity of how items were evaluated, with more similar items exhibiting higher agreement,
Developmental Milestones Assessment (RS-DMA) as a gpr‘};[‘];e:rs"‘)"th eves Transfeffed an oblect from o Walked independently How consistent are central raters in their confirming construct validity
regulatory-aligned standardized primary endpoint suitable for use in a - Followed a command Finger fed e 8:?mgeg uP Sta"ts i T:'L’ | ratings overall? Clinical Meaningfulness
i i i individuali i without a gesture Drank f held o Zamoec COoWR S7alrs W ASh O The RS-DMA met reliability criteria, as overall : o . .
Phase 3 mterv_entlonal tr'a.l that. measures individualized C.h ange In o Used word(s) el i o Climbed up stairs without help liability of the RS-DMA y I’I I O 100% of the 28 milestones were endorsed by a majority of caregivers as independently
milestone attainment and identifies treatment responders in an PABA ith : . Climbed down stairs reliability of the was excellent across a : ) .
: . with meaning Used a fork or spoon to eat : : d Fleiss K = 0.82 92 9° meaningful as a potential treatment response, after observing the RS-DMA
aggregate responder analysis compared to RNHS natural history data o Spoke in phrases (2 words with assistance without help _ items and raters (Fleiss Kappa= 0.82, 92.9%
O Here we psychometrically validated the RS-DMA for use in classic or more) with meaning Used a fork or spoon to eat o IRem e e alie agreement, PABAK= 0.86)
. . . without assistance i i i i . .
RTT in a non-interventional study, RESUME \ ) \ J H°"‘t" co_||13|itent7are central raters in their ratings of g1 4: Controlling for type 1 errors
each milestone?
O The RS-DMA met reliability criteria, with overall c — 2 _
reliability of the RS-DMA was excellent across alll Account for Participant Account for Baseline
items and raters (Fleiss Kappa= 0.82, 92.9% Level Milestone History Functional Ability
agreement, PABAK= 0.86)
O Substantial to excellent agreement among central
Study Design raters for 27 of the 28 individual RS-DMA
milestones, and a fair level of agreement for the
o : r : - o : : . . _ a ] N o _
The RESUME §tudy is a U.S. based, non-interventional, and multisite longitudinal study designed to establish trial-ready video-capture and assessment milestone “Identifies body parts,” due to challenges Account for each participant’s prior milestone history Ensure each milestone is properly assessed at
methodologies in RTT _ with feasibility when the eye-tracking overlay was fEeellipe-ae e ) o Seees T eegenely baseline using the same methods that will be
O Thirteen participants (N=13; Age: M=11.3, SD=4.7; CGI-S: M=4.9, SD=0.9) completed the RS-DMA, alongside other assessments, to evaluate the not available (Table 1; Figure 3B) Require milestones eligible for analysis are either tappl?:d post-:reatTentt (batseg7$ adigstmentth),
i ial- i T T : Ny never gained or lost long enough ago to ensure a single O verity current pre-treatment ability and account ror
psychometrics and trial-readiness O These findings indicate that milestone definitions are gr']u"_hypothesis " gpplicaé”le O el raslte T O e, Ay s
RS-DMA Construct Design clear, reproducible, and applicable to the diverse are interpretable aggregate analysis
functional presentations observed in RTT - J

O In small-sample studies, strong psychometrics and completeness of data are critical for detecting treatment responses
O Designing a tool that achieves strong psychometrics (high signal to noise ratio), requires tight control over potential sources of noise (Figure 2)

Figure 2: Potential noise source and RS-DMA control strategy C O n CI U S I O n S

Introduce Variability and Obscure the True Signal Mitigate Noise and Increase Signal-to-Noise Ratio Enhanced, Detectable, and True Signal © The RS-DMA hasdsftfrong pSyChO;;netri(CjS’ that outperform all cu rrhently pu b"(SFhed cIir;i)caI assessments for RTT, even in small sample size where even a single
, . item or assessor difference can have dramatic impacts on psychometrics (Figure
o -,  Standardised rate'fzt‘:’"g;:t:g:;gn‘;":ai':ﬁ]';bi'“V fusce O The RS-DMA_is validated for in-clinic assessment and video-based central rating which can be used in a single-arm design to mitigate bias from placebo
g::fz:;‘g:"'fz:::’k')gggmund and traiing, drit, fatigue, and scale ambiguy B . Requiar reliability checks . effects, caregiver bias, at-home environments, and unstandardized administrations
o ' __* Early integration of rater feedback during development to improve item-clarity | . — Standardized in-clinic administration may result in type 2 errors (false negatives), which for truly disease modifying treatments is an acceptable potential
/\/\A/V\N\/\/\/\NV\/\/V S BasalinelanHiEoE A e Sar . signal loss in favor of controlling for type 1 errors (false positives)
Patient-level Variability ) :g;:‘:g:;‘ije‘('je:ts‘;';‘::;:j:t”t};”;iF;f;‘zcgf;;‘;;r";ggijpdfezssessme“ts .e O Using both the historical caregiver interview and pre-treatment performative assessment to establish a participant’s baseline functioning is necessary to
Disease heterogeneity, normative daily fluctuations in symptomology E o Higher reliability & validity control for type 1 errors as our data shows that historical caregiver report’s show higher milestone demonstration rates than performative assessments
(i.e., sleep, medications, seizures, etc), and performative factors ( Video Review and Eye-tracking (Binary Scoring) Y ¢ alone (Figure 4)
el e e e e o oyo-gaz fracker O Reduced bias & Type | error O Multiple stationary cameras and a wearable eye-tracker enabled scalable, feasible and reliable video-based central rating: certified raters can be deployed
'Lg;g::inai;tis;e;zginatliooﬁzr:;ﬁofgr;ii::raCtions, potential caregiver bias, to maintain blinding across timepoints, rate the same videos to ensure validity and consistency, and mitigate recall bias by staggering participant videos,
ltem-level ambiguity, mode of assessment (in-person vs video), \ O Improved interpretability reinforcing the internal validity of a blinded, single-arm study design (Figure 5)
environment (at-home vs in-clinic) . ‘Quality Control and Data Monitoring O Each milestone was clinically meaningful to caregivers, affirming the value using an individualized endpoint within the PABA framework to account for each
A AN AR Nk o230 et B T o Stronger treatment signal participant’s baseline function in considering if they are a responder to treatment

Trial-level Noise O When applied to the developmental plateau population, spontaneous gain and regain rates across the 28 milestones evaluated using the RS-DMA are
Assessor bias, background and training, incomplete data sensitive to individualized change while remaining well-powered, ethical, and statistically rigorous in a small-sample single-arm design with a PABA

] . o analysis framework
Operationalizing Definitions: O The RS-DMA offers a practical, bias-mitigated solution that can accelerate the evaluation of novel therapies while centering patient and caregiver
O Matched RSNHS milestones with well-established definitions from standardized assessments perspectives, core tenets of value-based health outcomes research and FDA guidance on innovative trial designs in rare diseases (such as REVEAL)
O Refined definitions to ensure comparability with the RSNHS interviews
O Dichotomized scoring (“demonstrated” or “not demonstrated”) to allow for a responder analysis and improve reliability Figure 5: DMA implementation process in the REVEAL pivotal trial
O Refined definitions from central rater feedback to ensure strong feasibility and reliability of video-review p ~
Historical Caregiver Interview: used to determine milestone eligibility prior to treatment based on age and time since loss for each milestone DMA Administration & Blinded Central Rating Process
O Replicated method used in the RNHS to gather retrospective data on milestone gain, loss, or regain using our RS-DMA construct definitions, including Screening and Baseline Post-dosing Assessment Evaluation Process

memory-aided cues and medical record checks to mitigate recall bias o 9

Performative RS-DMA In-clinic Assessment: used to evaluate current functional abilities and potential treatment response via blinded video-based
central ratmg . o ) _ o . o Medical History Review and In-Clinic In-Clinic Video Assessments Capture Central/Blinded Rating of Milestone Demonstrations
O Standardized materials and administration procedures: fixed order, prompts, levels of support and use of assistive devices and modifications (Figure 3A) Assessments Establish Milestones Milestone Gains/Regains 6-Months 12-Months
O Established video capture procedures with 2 stationary cameras and 1 Pupil Labs eye-tracking glasses with recorded gaze-overlay in real-time (Figure 3B) Eligible for Gain/Regain Multiple in-clinic assessments of the 28 development o e
O Developed quality control and training procedures to ensure trial-readiness milestones are recorded post-treatment N Participants Participants

Rater Group 1 1-8 Videos l 9-17 Videos

ﬁO 3 raters
@ f\}a? Participants \
Rater Group 2 9-17 Videos 1-8 Videos

©+0

Figure 3: (A) Kit for RS-DMA enabling standardization of materials and administration procedures; (B) Eye-tracking overlay using

PUpll Labs glasses on the Identified bOdy pal"tS with a participant with RTT Criteria required for a milestone to be considered eligible Ll el
for gain/regain 3 raters
(A) R ( ) v ical hi irmati i i RS-DMA standardizati :
. . . o) Medical hl_story conflrmathn_the milestone was either } standardization ensures: Pre- and post-treatment videos are evaluated by centralized, blinded raters
Communication W Fine Motor Gross Motor never achieved or lost sufficiently long ago v Allitems administered ~ v* Administration by trained staff using a standardized process to ensure consistent, objective evaluations of
= % v In-clinic video assessment confirmation milestone was v' Fixed item order and specialists prespecified milestone demonstrations. Raters are highly trained clinical
9 not demonstrated L v" Approved DMA kits psychologists/physical therapists with experience in RTT.
- \ J J
45'\ /; \&, Bias Mitigation Strategy: Blinded central rating includes pre- and post-treatment videos in each package. Raters will not see the same participant's videos
g ; 9 back-to-back and will have maximum spacing to prevent direct comparisons. )
= ’__
« Pupil Labs equipment (glasses, tablet, » Snacks & puree food * Spoon and fork » Exam table or pad for floor
cord, strap) « Bottle/cup with straw  + Medium sized toy > Cinell (oLt s, el o l0EE:
» Stuffed animal and doll * Measuring tape and painter’s tape
and beverage « Table or tra ) : : .
* Table or tray y « Stairs (set of 3—4 against a wall or with handrail) ) ) ) ) o ) ) o ) )
. y N ) O The RS-DMA is a psychometrically validated, trial-ready individualized endpoint for individuals with RTT that psychometrically
(B) outperforms all published RTT clinical outcomes assessments, even in a small-sample multiple-site validation study

O The RS-DMA’s design and implementation methodologies ensure gold-standard psychometrics: strong treatment signal
detection and noise reduction through tight control of inter-rater reliability, instrument construction, bias-mitigation,
environment, and site- and patient-level variability

'rgélBt)_;gzeg;edeﬂ“i‘;;e%rejﬁgts O Each milestone was rated as independently clinically meaningful
- Z€ overlay duri . . - - . . . -
the identifies body parts item O To effectively control for false positives (Type 1 errors) within a small-sample, single-arm interventional study design using

e and hags U™ the plateau-anchored baseline-adjusted (PABA) analysis framework, milestone eligibility needs to account for both historical

respectivelly to ensure video reported attainment and time-since loss of milestones and the performative demonstration of milestones in a bias-mitigated

HesassTont porspective of setting pre-treatment, to ensure a true treatment signal is detected post-treatment instead of false positives

eye-gaze responses. O These findings provide psychometric validation of the RS-DMA in RTT for use as a regulatorily-aligned primary endpoint in
Psychometric Analyses innovative single-arm interventional study designs, such as the REVEAL pivotal trial

. . . . o
O We examined the feasibility, fidelity, reliability, convergent validity and clinical meaningfulness of the RS-DMA using R “irr” for kappa analyses and “boot” for © The R‘_S'D_MA has been developed Fhrough multiple interactions with FD_A w_ho commente_d on “the t_h_oughtful approach taken
bootstrapping confidence intervals and standard deviations in designing the Developmental Milestone Assessment (DMA) tool"” on its final presentation. In addition, the RS-DMA was
O Clinical meaningfulness of milestones was evaluated using a questionnaire asking caregivers for each milestone endorsed as “not currently able” to appropriately tested as described here in the RESUME study to provide assurance the assessment tool is fit for purpose and
consider if gaining or regaining a milestone would be clinically meaningful in response to a hypothetical treatment is confirmatory Phase 3 trial ready
L L X
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"Accessed from IRSF. ClinicalTrials.gov: NCT02738281: a prospective cohort of individuals with a pathologic mutation in the MECP2 gene, commonly associated with RTT. Cumulative incidence models of NHS data
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