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Table 1. Baseline subject characteristics in longitudinal and clinical trial studies

Objective | Results (continued)
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= A key goal of the Critical Path for Parkinson’s Consortium’s (CPP) is to achieve regulatory Sample size 481 191 = Regulatory milestones for CPP include publicly-posted letters of support by the FDA
. . . .
endorsement for drug development tools for use in Parkinson’s disease (PD) clinical Sex (%) Female (35), Male (65)  Female (34), Male (66) (March 2015) and EMA (October 2016) and a qualification opinion by EMA (now posted
trials. . . .
, | | | | Age in year, mean (range) 61 (33-84) 59 (31-84) for public review and comment). o
= CPP’s PD Imaging Biomarker Team aims to achieve regulatory endorsement for the DAT deficit (%) Yes (87), No (13) Yes (86). No (14) - .S
. . O ° . . [ [ e I CI 0 e S ’ O e S ’ O i:; (c DEPARTMENT OF HEALTH & HUMAN SERVIC[:'Sgoo?fu;d %mgl:%i:;:l(;“}sl:r:tll(x): SERVICE Er?}sjpggg’;bzegégig 0 SCIENCE MEDICINES HEALTH
application of reduced dopamine transporter (DAT) binding as a biomarker for clinical | = EEp T CINEEY pUROPEAN MEDICINES AGENCY
trial enrichment for clinical trials in early motor PD. Harmonized motor scores, mean (range) 20 (2-51) 21 (5.3-52) - s
o . , Letter of support for molecular imaging of the dopamine T e e
Crieal Path nstte o Diseases (GAMD) transporter biomarker as an enrichment biomarker for
B k d clinical trials for early Parkinson's disease &r:fdtoqpuaaxf.i::ttio:nggionri&n :: Eﬂ:::ull(aer rtlstgcrlzi':r:_?ging of
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ac groun RESUItS ;‘” ol Stk Rl “The goal in applying this biomarker according to it’s Egt(ig;? with early manifest Parkinsonism in Parkinson’s
W i s Lt S e i P ' ot At i i proposed context of use is to enrich clinical trials by excluding
- . . . . . . . . . o . diese sgb!'ects r\Ot _adequately Sl_Jited for phas? Il and 'phase Il “Dopamine transporter Neuroimaging is qualified to
As tfllerapelgtl.c tlrla!s a.lm at ear.ller.f.stages hofI IPD, appropriate patient selection based "= The rate of worsening in the motor scores between DAT deficient and SWEDD subjects was “We encourage the use of this biomarker Z';?;:iﬁZf;?c'r;eii'it f;‘@‘;;gf; O o o e Snenmn choica 'fr?arlightr:rzr;i:giogilr&l'(ef:ﬁg:orpasr’::g:gn;
purely on CliniCa criteria POSeES Signi IcCant cha enges. different both Statistica”y and Clinica”y (Figure 2) !cr;\eC“ino:failti;irclzltsiotr? i\;alsg;[;r:z UITILI(IatIZ/ ff(; enrich trial populations with idiopathic PD patients, improve the disease. Identifying patients with early motor
M " " " i " " L : : ) statistical power, and spare subjects w ho do not have PD deficit in conjunction with confirming reduction of DAT
Use of biomarkers can enable improved accuracy in selecting appropriate subjects for _ Subjects with DAT deficit have an average monthly progression in the harmonized motor mvcv)rzly.mi rzzo%/zlzssggl?evo:th;kslrr::(r)irr\]; Frorm beine oxoredt 10 nowel thetapeutie asents. o ey e reduction of DAY
enrollment in clinical trials, and to decrease the enrolment number required to : . : e - means of selecting subjects for clinical trials.. It is
. . ) ’ 9 scores that is 0.18 (90% Cl: 0.14, 021) versus 0.05 (90% Cl: -0.04, 013) p0|nt/m0nth IN ?;sierlr;t?qugnffﬁgaetjt s:,:ﬁstso 'tc)rilc:;\rlrs]arckaer; envisioned that the biomarker can help predict which
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® 80% important difference of 3 points (Ref. 6).
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Method T L ] - PD subjects is expected to enrich clinical trial populations with idiopathic PD patients,
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Time (months) Time (months) improve statistical power, and spare subjects who are unlikely to have PD from being

= Regulatory history: A team of pharmaceutical companies, academic key opinion leaders, ) , , , , , exposed to novel test therapeutics.
s Y Y P ! v op Figure 2. Population-predicted harmonized motor scores. Shaded area is the 90% confidence P P

government agencies and advocacy organizations formally submitted to the European Medicines _ T . o . o = Publicly-posted letters of support by FDA and EMA encourage broader use of this
Agency (EMA) and the U.S. Food and Drug Administration (FDA) documentation supporting the interval (Cl). Predictions are for a randomized controlled clinical trial (similar to biomarker by trial sponsors

use of DAT SPECT imaging in PD. Regulatory documents for FDA included a comprehensive PRECEPT) with average baseline age of 60 years old.
literature review, a proposed statistical analysis plan of both observational and clinical trial data,
and an assessment of biomarker reproducibility and reliability. With EMA, documentation
extended to the submission of the final model-based results.

= (Qualification of DAT imaging biomarker by regulatory agencies holds promise in

= Sample size estimates: enrichment strategy using baseline DAT deficiency for subject inclusion improving the efficiency of clinical trials in an early symptomatic target population.

was estimated to allow a meaningful reduction of trial size (e.g., 24% in the example showed in

= Target population: Subjects with early motor stage PD defined as (a) baseline Hoehn and Yahr Figure 3). 00 References

stage | or Il, (b) two of the following signs: resting tremor, bradykinesia, rigidity; or (c) either e
asymmetric resting tremor or asymmetric bradykinesia. Criteria align with PPMI.
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= Data: Subject-level data from the Parkinson’s Disease Progression Markers Initiative [PPMI (Ref. S : - (1) ?2012;”:385'0]'”33:; i’ngsgitﬁ;ié’ pi?)rer:”’ C. Dow-Hygolund, M. Hay. BIO Industry Analysis,
3)] study and from the Parkinson Research Examination of CEP-1347 trial [PRECEPT (Ref. 4), g . , | . do T Nicholas. K. Teai. S. Macha. et al. Clin Trans| Sci 2018 Jan: 11(1): 63—70
placebo data only] were mapped to CDISC (Clinical Data Interchange Standards Consortium) PD = o E'DTSTEF erriched (2)  D. Conrado, T. 'C. ofas, R. 154, >. .ac d, et al, LN frans | ¢l | an; 11(1): 3
data standards and integrated for analyses. The analysis dataset included a total of 672 subjects g o e o No (3) K. Marek, D. Jennings, S. Lasch, A. Siderowf, C. Tanner, T. Simuni, et al. Prog. Neurobiol. 2011 Dec;
diagnosed with early stage PD and a total of 4521 observations (Table 1). i—:ﬁ . 95(4):629-35. | |

= Biomarker: Visual reads of DAT binding in putamen assessed with categorical classification of g - o (4) K. Marek, J. Seibyl, S. Eberly, D. Oakes, I. Shoulson, A.E. Lang, C. Hyson, D. Jennings. Neurology;
SPECT scans using either FP-CIT (PPMI) and B-CIT (PRECEPT). B 2014; 82(20):1791-1797. | | |

" C(Clinical Endpoint: Harmonized MDS-UPDRS (Movement Disorder Society - Unified Parkinson’s 0- (5)  CG. Goetz, G.I. Stebbins, B.C. Tilley. Mov. Disord. Off J. Mov. Disord. Soc. 2012 Sep.
Disease Rating Scale) (PPMI) and UPDRS (PRECEPT) Part Ill according to Goetz et al. (Ref. 5), 100 200 300 400 500 500 700 1,27(10):1239-42.
referred to as ‘harmonized motor scores’. Clinically important difference followed as per Ref. 6. : - | Samplesize perAm . . (6) L. Shulman, AL Gruber-Baldini, K.E. Anderson, P.5. Fishman, 5.G. Reich, W.J. Weiner. Ann.

Figure 3. Statistical power by sample size for placebo-controlled parallel group DAT imaging enriched Neurol. 67: 64-70 2010.

" Statistical analysis: Longitudinal linear mixed-effects regression to compare the rate of and non-enriched clinical trials with a drug effect of 50% reduction in the progression rate ’ i

progression on the harmonized motor scores between subjects who had scans without evidence . - & ° Pros (7) S'_ Amur, 5. sanyal, A.G. Chakravarty, M.H. Noone, J. Kaiser, 5. McCune, 5. Buckman-Garner.
with an 80% probability (type Il error or 3=0.20) at a=0.05. Biomark. Med. 9: 1095-1105.

of dopamine deficit (SWEDD) and those with DAT deficit. See Ref. 2 for methodology details.
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