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- Real-world evidence (RWE), defined as the clinical evidence Abpblication Characteristics of NDAs and BLAS Table 2. Characteristics of RWD Used in FDA Review Packages : :
derived from real-world data (RWD), reflects patient’s health PP - This SLR reviewed how RWD were used for
?tate and/or dellvEry of Ihe?IthgarI:: |n|ftﬁrmat|%n t?Ea:IIIRS )collected . Atotal of 868 applications (772 NDAs, 96 BLAs) were screened for non-oncologic RDs; 151 applications were subsequently BT Temporality: . Purpolse. / R Siration Apriori | Eligibility | Methods for bias disease contextualization and/or efficacy
rom sources such as electronic health records S : ot : : : ontextualization e o : : L
: reviewed for the RWD used to support efficacy outcomes. Of these, 20 (12 NDAs, 8 BLASs) applications for RD therapies with Therapy, brand (generic . ; . . criteria or missing data FDA feedback
medical/pharmacy claims and billing activities, product and p g ( ) app g o (9 ) design Retrospective/ Comparison/ sample size IR protocol | i ted repo rtge d comparison for RD therapies within FDA

ODD were included in the review (Figure 1) Prospective/Both Both submissions since the enactment of the 27¢

Century Cures Act in 2016

disease registries, and cross-sectional surveys'

- 17 applications (85%) went through priority reviews compared with 3 applications (15%) for standard reviews. 3 therapies

. FV\GEtpresle:ntsdpotgntijl to c;or:;tegttuglize sg$/02c$upp|elfnfnt (15%; Skysona [elivaldogene autotemcel], Viltepso [viltolarsen], and Voxzogo [vosoritide]) received accelerated approvals. - Overall population not comparable to trial population
raditional randomized controlled trials (RCTs) for regulatory 6 of the approved medications (30%) were indicated for neuromuscular and bone-related disorders, while 5 (25%) were Skysona Natural history Retrospective Both 172 % v v X . Potential selection bias and missing data — It showed that FDA RD submissions with a
approval of rare diseases (RDs), where it can be challenging approved for rare metabolic disorders (Table 1) (elivaldogene autotemcel) . o - )
to develop robust clinical evidence due to the smaller patient - Potentially subjective elements of definitions large effect size were generally accepted
S ETHar, [Tiise [Gevetiols off FrRie) i) 6if tlie Cisstes, Table 1. Application Characteristics of Approvals Amvuttra External placebo | | + Notable differences in baseline patient characteristics and disease severity compared to trial despite noted concerns and criticisms
or impracticality of conducting an RCT due to feasibility or ) control Retrospective Comparison 77 v vV v v ] ff , i 1 bi d  off ;
ethical concerns®” Therapy, brand (generic) Approved indication Rf;::w Approval date + arge eflect size was suflicient to overcome potential biases and support efficacy outcomes — The FDA clearly criticized RWD study
» The 271° Century Cures Act of 2016 in the United States Skvsona MatCheds?;;Paselme: - Limited data on genetic diagnosis, medical history, medications; but unlikely to skew designs for differences in baseline
expanded the scope of utlllz.lng RWE beyond the context of I'y q | Early cerebral adrenoleukodystrophy (CALD) BLA | Priority | Sept 16,20222 Voxzogp Natural history Retrospective Comparison ' . v v v v results in favor of vosoritide characteristics of population, hand“ng bias,
(elivaldogene autotemcel) (vosoritide) Matched at 5
postmarket surveillance, which has potentially accelerated atched at o years: . P : C ..
, e : J— 360 Measurement errors were not expected to have a significant impact on analyses and missing information in RWD
e s e (UHE I.n U.S Fczcgd and Drug Administration (FDA) (th‘:iusirraan) Polyneuropathy of hereditary transthyretin mediated amyloidosis in adults | NDA | Standard | Jun 13,2022
regulatory submissions™ Rethymic Bias: V - Missing information on phenotypes, underlying genetic defects, comorbidities, —  Other kev themes were less clear but
Voxzogo Increase in linear growth in children with achondroplasia ages 5 and older NDA | Priorit Nov 19 20212 (allogeneic processed Natural history Retrospective Comparison 49 v/ v/ v/ ' supportive care ) y ) i ! )
(vosoritide) with open epiphyses y ' thymus tissue-agdc) Missing data: X . . : : L included RWD design, potential selection
@ IS ULE g - Consistent large survival effects, with a favorable benefit-risk profile in patients bi q ! . o
©) OBJECTIVES Rethymic ias and measurement errors, imprecision
(ﬁllogenglc procejsed Immune reconstitution in pediatric patients with congenital athymia BLA | Priority Oct 8, 2021 Nulibry | Natural history Sl Both Retrospective: 37, v v v Bias: Potential for Sglectlon bias was adequately overcome; detection bias didn‘t impact of populatlon matchlng, or potentlally
o _ thymus tissue-agdc) (fosdenopterin) Prospective: 14 Missing data: X observed survival benefit : : "
- To conduct a systematic literature review (SLR) of new drug Nulibry — ot defic oD tvne A won | prion b 26 2001 subjective elements of definitions
applications (NDAs) and biologics license applications (BLAS) (fosdenopterin) olybdenum cofactor deficiency (MoCD) type riority €b 25, o Unmatched: 81 Bins: W - Differences in number of patients among cohorts; treated cohort had a substantially Thi , toinf £t h
. . . . o Inv . . . . ) . . . . [ J
submitted to the FDA, aiming to: Zokinvy Hutchinson-Gilford progeria syndrome (HGPS) and processing deficient |\, | o | oo (Ionafa¥nib) Registry Retrospective Comparison otched: 69 % % v Vissing data: X higher censoring rate over time than the matched untreated cohorts Jo ey sleinvize e in Or’m uture researcners
—  Review the use of RWD for efficacy outcomes in regulatory (lonafarnib) progeroid laminopathies (PL) y ’ ' 9 ' - Missing data on concomitant cardiovascular medications in control arm and appllcants on the FDA's comments
submissions for RD therapies i | and concerns and to focus on key areas to
P . wilﬁilr::sen) Duchenne muscular dystrophy NDA | Priority | Aug 12, 20202 Viltepso Natural histor Retrosbective Comparison 6o NR Bias: V/ - Heterogeneity of the disease, patient characteristics, care srEmEET e e 6f BT a5 yro e
— Evaluate the FDA's feedback on the submitted RWD Evrvsdi (viltolarsen) J g g v v Missing data: X - Imprecision of population matching due to lack of control of all known and unknown biases 9 , P pp, P y
Yrysdl Spinal muscular atrophy NDA | Priority Aug 7, 2020 contextualize and compare with trial
(fisdiplam) Pl NI siilioy . . . populations, to derive the unbiased effect size
@ Dojolvi A source of calories and fatty acids in the treatment of long-chain fatt Evrysdi : : Finkel 2014:79; + Considers the external natural history control as sufficient ; N .
J y g y NDA | Standard Jun 30. 2020 e Natural hIStOFy Retrospectlve Both . NR NR v x . Of Interventlon and 'to a ro rlatel SU Ort
(triheptanoin) acid oxidation disorders (LC-FAOD) : (risdiplam) DeSaTgtlS 2016: 33; - NH of SMA is well understood , PProp y supp
Kolb 2017: 26 I T3y
, Pretomanid Pulmonary extensively drug-resistant (XDR) and treatment-intolerant/ . evidence packages 1o regulatory submissions
* An SLR of NDAs and BLAs submitted between January 2017 and (pretomanid tablet) nonresponsive (TI/NR) multidrug-resistant (MDR) tuberculosis in adults | >/ | Priority | Aug 14,2019 itv in di ity di d llection of lab and mai
October 2022 was conducted: submission packages were g o S Y ’ Elfrfi?:rglg:vneer:z in disease severity, dietary management, data collection of lab and major . As the use of RWD in regulatory applications is
obtained from publicly available FDA drug approval bodies olgensma . | Spinal muscular atrophy (SMA BLA | Priority | May 24,2019 Dojolvi Medical chart Retrospective Comparison 29 ' , , . , , , i ' i ' '
P P X v X increasing, there is an opportunity to improve
: 4 (onasemnogene abeparvovec-xioi) (triheptanoin) review CL202: X - Dietary details missing for many patients, prior treatment history not properly collected 9, y
(Center for Drug Evaluation and Research [CDER]* and Center for . . both th ErarEaT f the EDA’ tati
Biologics Evaluation and Research [CBER]®) Egaten Fascioliasis NDA | Priority | Feb 13,2019 or accounted for in analysis (@) € unaerstandaing o e S expectations
(triclabendazole) ' for utility and quality of RWD Il as th
Approvals with orphan drug designation (ODD) were screened d | Bias: V/ Similar baseline characteristics. but trial patients had h ter rates of treatment or utility and quality o , dS Well as the
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.. . : Diacomit P
Subsequently, applications for non-oncologic RD therapies were (stiripentol) Dravet syndrome NDA | Priority | Aug 20,2018 (pretomanid tablet) control Retrospective Both 202 X V V Missing data: X success and lower mortality rates compared with historical control applicants’ adherence to such expectations
manually reviewed using RWE-related keywords
Omegaven o : : .
- NDAs and BLAs for RD therapies using RWE to support efficacy (fish ol triglycerides inj. emulsion) Parenteral nutrition-associated cholestasis (PNAC) NDA | Priority | Jul 27,2018 (Zg’lqlgggfnlzg e Natural histor Retrosbective S 5 . v - NH results indicated that the expected treatment effect is large, readily ascertained, and
outcomes were included in the review, excluding applications Crvsvita abeparvove?:-xioi) y P P v v shows close temporal association with the interventon ... - - - - - - - - - - - - - - - - - - - - - - -~-°
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- 2 authors independently conducted the screening, while | T Egaten Historical Retrospecti - - ot =
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discrepancies were resolved through review discussions with all (voretigene neparvovec) Biallelic RPE65 mutation-associated retinal dystrophy BLA | Priority | Dec 19,2017 (triclabendazole) control v % X g p E ] A BST RACT P LAI N
authors. Data extraction was performed by 1 author and quality Hemlibra 0 LA N G UAG E S U M M A RY
was checked by another - Hemophilia A (congenital factor VIII deficiency) BLA | Priority | Nov 16,2017 Diacomit Medical chart : .
(emicizumab-kxwh) (stiripentol) eview Retrospective Both 29 X X v X - Methods are not powered to detect significant effects
Figure 1. PRISMA Diagram Mepsew'ld favibk Mucopolysaccharidosis type 7 (MPS VII) BLA | Priority | Nov 15,2017 Please scan the QR code for a PDF
| enifoatonofOABLAS iaCORRndcoER e Omegaven e copy of the poster as well as ar Ok |00
‘ , ‘ Brinlgura ¢ Neuronal ceroid Iipofuscinosis type 2 (CLNZ) BLA Priority Apr 27,2017 (ﬁSh OI| triglycerides Inj Natural hiStOFy Retrospective Both StUdy 35' PP 24: V V V V - Covariate measurement errors, unmet model assumptions, biases in endeint estimates infographiC p|ain Ianguage Summary Of -
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= = n= H : o
c o EQ _ 1738 — — — Crysvita Natural history Retrospective Both 52 v v v - NH study and trial results provide support for the effectiveness of burosumab therapy obtained through the QR code are
T BLA, biologics license application; NDA, new drug application. (burosumab) Missing data: x for personal use Only and may not be
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l reproduced without written permission
« g . . Luxturna Medical chart : S - Chart review contextualized natural history of retinal dystrophy including many fth h
( ) ( . . . ) r ‘
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status (n = . = . 010 . c . . .
CDER (n = 772) >|  CDER (n = 545) For additional information, please contact Geetanjoli Banerjee
CBER (n = 96) | | CBER(n=80) | - Most applications (18; 90%) used only retrospective RWD, while the remaining 2 applications (10%) collected RWD both . Cohort A: 103; - Superiority over other products has not been proven, and results should be interpreted (Geetanjoli.Banerjee@modernatx.com).
l retrospectively and prospectively. RWD included RD registries (2; 10%), natural history/historical control (12; 60%), medical chart '('(';:?(lz'igzamab_kxwh) External control Retrospective Contextualization Cohort B: 24; NR V NR X with caution
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