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Learning Objectives
e Describe evidence regarding diagnostic yield of ES/GS in CIN
e Describe evidence for clinical utility of ES/GS in CIN

e Describe literature supporting the cost efficiency of ES/GS
utilization in CIN

e Discuss challenges and solutions to implementing genomic
medicine in a NICU setting
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Diagnostic

Dx Total Utility
WGS i
Petrikin et al, 2017 12 37 - 0.32
Bick etal, 2017 8 22 — 0.36
Farnaes et al, 2017 %g ?’% — 0.43 2c
Lionel et al, 2017 . —— ame 5
ES= Random effects model 171 | 042 25
T’ Heterogeneity: I° = 13%, «* = 0.0295, p = 0.33 Bk
~ WES g5
o= Vissers et al, 2017 _ 44 150 B 0.29 w2
U Trujillano et al, 2017° 243 820 L ] 0.30 cES
- Baldridge et al, 2017 56 155 —— 0.36 -
) Meng et al, 20177 102 278 - 0.37 g52
1) Lionel etal, 2017 26 70 —— 0.37 58S
o Baldridge et al, 2017 67 155 . —— 0.43 358
Monies et al, 2017 " 121 270 . 0.45 EBE
= Eldomery et al, 2017 30 €3 g —l.— 0.48 585
Tan et al, 201 i - 5562
COU’ Random effects model 2005 = | 0.38 | 2E2
i Heterogeneity: © = 79%, t* = 0.0708, p < 0.01 =24
& CMA §5%
Lionel et al, 2017 0 44 -— 0.00 -
Vissers et al, 2017°° 5 150 ] 0.03 68
Meng et al, 2017 - 11 237 | 3 0.05 582
Petrikin et al, 2017, 3 48 i 0.06 NS &
Eamges et #I, 2017 Ed | 3 4-;%_ ] ' £ea
andom effects mode < : IIIIE 20%
Heterogeneity: I° = 40%, t° = 0.1434, p = 0.15 | 1 i | =25
0 SE%
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Diagnostic Yield
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Saunders cf al, 2012 (n=5} = 0-80 [0-45, 1-15]
Willig et al, 20015 (n=35) e 057 [0-41, 0-74]
Bourchany et al, 2007 {n=29) Q-5 [ 27, 0-63]
Yan Diemen et al, 2017 (n=23) O-30 [0-12, 0-49)
Meng ot al, 2017 (n=63]) e 051 [0-3%, 0-63]
Powis et al, 20018 (n=6) 0-50 [0- 10, 0-907]
Petrikin et al, 2008 {n=32) —_— 0-31 [0-15, 0-47]
Farnacs ct al, 2018 (n=42) e 043 [0-28, 0-58)
Mestek-Boukhibar t al, 20018 (=24} i = 042 [0-22, 0-61]
Stark et al, 2018 (n=4(}) — 0-52 [0-37, 0-68)
Clark et al, 20019 (n=T = ! 043 [0, O8]
Elliott et al, 20019 (n=25} 072 [0-54, 0940
French et al, 2009 {n=195) = 0-21 [0-15, 0-26]
Sanford et al, 2009 {n=3%) I 0-45 [0-29, 0-61]
Kingsmore ¢t al, 2009 {n=213} e 026 [0:17, 0-28]
W et al, 2009 (n=4) —— 0-53 [0-37, 0-68)
Wang et al, 2020 (n=13{) —— 0-48 [0-39, 0-56]
Chur Btudy (n=102] —=— 0-31 [0-23, 0-41]
Crverall Model i 043 [0-36, 0-50]
All Studpes (0 = 10318, dE =17, p = 0-{b01; [ = BT %)
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Publication (First Turnaround Diagnostic
Author, Ref#), Year Study Population® Time Rate

Studies with all patients located in NICU

Clark et al, ™ 2019 n = 7, neonates; NICU Prospective G5 (trio) 20 h {median) 43%
Elliot et al,~ 2019 n = 25, neonates; NICU Prospective ES (trio) 7 d (mean) B0%
Freed et al, == 2020 n = 46, neonates; NICU Prospective ES (trio) 9 d (mean) 43845

Muriello M. Exome and Whole Genome Sequencing in the Neonatal Intensive Care Unit. Clin Perinatol. 2022 Mar;49(1):167-179.

Diagnostic Yield

Ref. Year Country Number of probands Dx rate
o 2018 USA 42 43%
- 2021 USA 184 40%
: 2022 USA 61 33%
e 2022 USA 38 45%
o 2022 USA 65 40%
. 2022 Australia 40 53%
- 2023 USA 89 39%
s 2023 USA 184 40%
5 2023 USA 400 49%
Median 40%

Baby Badger Network ECHO Kingsmore SF, Nofsinger R, Ellsworth K. Rapid genomic sequencing for genetic disease diagnosis and therapy in intensive care units: a review. NPJ Genom
Med 2024 Feb 27:9(1):17



Publication (First Turnarcund Diagnostic Change in
— Author, Ref#), Year Study Population® Study Type Test” Time Rate Management:
Studies with all patients located in NICU
Clark et al,'* 2019 n = 7, neonates; NICU Prospective G5 (tria) 20 h {median) 43% 100% of diagnosed
(43% of tested)
Elliot et al,” 2019 n = 25, neonates; NICU Prospective ES (tric) 7 d (mean) 60% 83% of diagnosed (60%
of tested)
— Freed et al,”* 2020 n = 46, neonates; NICU Prospective ES (tric) 9 d (mean) 43% 95% of diagnosed (52%
m > of tested)
.2 L Ref. Year Country Mumber of probands Dx rate A Mx
o mm
e
omm ' 2018 USA 42 43% 33%
| | “
U : 2021 USA 184 40% 32 %
2022 Usa 81 33% r.d.
2022 USA 38 45% 34%
2022 USA G5 40% r.d.
: 2022 Australia 40 5% J5%40
2023 USA Ba J8% 27 %
2023 USA 184 40% 32%n
2023 Usa 400 49% ri.d.
hadian 40% 33%

Baby Badger Network ECH(

Muriello M. Exome and Whole Genome Sequencing in the Neonatal Intensive Care Unit. Clin Perinatol. 2022 Mar;49(1):167-179.




Patient Ward Diagnosis (OMIM) Gene R D P 5 M L 0
RAPOOS | Genetics clinic | Neurofibromatosis, type | (OMIM: 162200) T ONFL | ' | | | ' '
RAPODG NICU Primary coenzyme Q10 deficiency-T (OMIM: 616276) CO04 ]
RAPOOS NICU Polycystic kidney disease 4 (OMIM: 263200) PEHDY
RAPD14 Non-ICU Alagille syndrome 1 (OMIM: 118450) JAGI I
RAPO22 NICU Memaline myopathy (OMIM: 161804 ACTAI
RAPO2G NICU Osteogenesis imperfecta Type IV (OMIM: 166200, 166210, 259420, 166220) CoLiAl -
RAPO3I Mon-ICU Histineytosis-lymphadenopathy plus syndrome (OMIM: 602782) SLCI043
[ ] RAPDIG PICU PCWH syndrome I:Pl_'riphLlef;;rEfﬁgz?:iEi:E;ﬂagl:];}"l.i::.;:::;]{ﬁ:.;rgr:lgn;;irfﬁguulcur]}'.*ih‘uph:.-‘, Waardenburg SOXT0
RAPO38 NICU Autosomal-Recessive Nemaline Myopathy (OMIM: 615348) KLHLAD e
RAP042 Non-ICU Glycogen storage disease Ta (OMIM: 232200) G6PC s e
RAPO43 Mon-ICU Mewrodevelopmental disorder with spastic diplegia and visual defects (NEDSDW) (OMIM: 615075) CTNNEL
RAPO45 NICU CHARGE syndrome (OMIM: 2148007 CHD?
RAPO47T Mon-I1CU Tuberous sclerosis-2 (OMIM: 613254) T8C2 -
— RAPO4SE Mon-ICU Dilated cardiomyopathy- [ DD (OMIM: 613172) REM20
m RAPOS] Cienetics cline Hereditary angioedema type 1 (OMINM: 106100} SERPING!
> RAPOSE Mon-ICU Multiple types of congenital heart defects (OMIM: 6 14980) 7482
u H RAPOG] PICU Fatal Infantile Candioencephalomyopathy (OMIM: 604377 SCoz
¢ == O I RAPOGS NICL Early infantile epileptic encephalopathy-1 1 {OMIM: 613721) SCN24
: — RAPOGG  Genetics clinic Spastic paraplegia 11 (OMIM: 604360) SPGI e
©
o mm o RAPOGS NICU {Thiopurines, poor metabolism of, 2} (OMIM: 616903) NUDTI5 e |
— RAPOTS Mon-ICU Coflin-Siris syndrome [ (OMIM: [35%00) ARIDIE
0 : RAPOTS PICU Wilson disease (OMIM: 277900) ATP7B |
RAPOS0 Non-ICU Wilson disease (OMIM: 277900) ATPTE | ]
RAPOSS Non-ICU Noonan syndrome 1 (OMIM: 163950) PTPNII e
RAPO9G WNICL Wiedmann Steiner syndrome (OMIM: 605130 KMTZA
RAPOSS  Genetics clinic Juvenile-onset dystonia (OMIM: 607371) ACTB e
RAPIOZ NICU el (OMIVE 121300 o sever form of epilepic encephatopathy. carly infanle, 7 (OMIM.613720) | KCNO?
RAPLOG PICU Epileptic encephalopathy, Ldrlli:zil'::llﬂi;y L’;‘Ufﬁ::::b {ﬁ(]]i:f}fi} Eﬁ:;;;mjcwlupmunlal disorder with GNAOT
RAPL14 PICU Moonan Syndrome 5 (OMIM: 611553) RAFI
RAP1 18 PICU Noonan Syndrome 7 (OMIM: 164757) BRAF --
RAPL1S Cienetics clinic Psewdohypoaldosteronism, type LB (OMIM: 614491 WNES
RAP125 PICU Severe combined immunodeficiency, T-cellnegative, B-cellmatural killer cell-positive type (OMIM: 608B9T1) IL7R -

Total (%) 9(28)  S(16)  11(34) 100317 1031y S(16)  2(6)
Baby Badger Network ECHC



Clinical
Utility

rWES versus rWGS urWGS versus rWES+  Positive Negative Pos versus Neg
rWES rWGS p Value urWGS rWGS P value Tests Tests Tests p Value
I
Infants enrolled” 95 94 N/A 24 N/A 51 162 N/A
Clinician Perception
Surveys completed, n (%) 90 93 N/D 24 N/D 49 (96%) 158 (98%) N/D
(95%)  (99%) (100%)
Test was useful or very useful, 66 66 0.73 22 0.07 42 (93%) 112 (72%) 0.002
n (%) (76%) (73%) (92%)
Test changed management, n 19 23 0.6 15 0.0001 31 (63%) 26 (16%) <0.00001
(%) (21%)  (25%) (63%)
Test changed an outcome, n 17 9 (10%) 0.09 6 0.22 19 (39%) 13 (8%) <0.00001
(%) (19%) (25%)
Test improved 34 34 0.88 16 0.008 34 (69%) 50 (32%) <0.00001
communication, n (%) (38%0)  (37%) (67%)
Test increased stress or 3035 1(1%) 0.36 2(8%) 0.14 4 (8%0) 2 (1%) 0.14
confusion, n (%)
Test let to other changes in 20 21 1 10 0.047 40 (82%) 11 (7%) <0.00001
management, n (%) (22%) (23%) (42%)
Test led to another test being 16 20 1 8 0.18 13 (27%) 31 (20%) 0.32
cancelled, n (%) (19%) (22%) (32%)
Test led to another test being 11 15 0.53 5 0.37 19 (39%) 9 (6%) <0.00001
ordered, n (%) (12%) (16%) (21%)

BBN ECHO



$10,000,000
$1,000,000
$100,000
$10,000
$1,000
$100

$10

Baby Badger Network ECH(

2004
2005
2006
2007
2008

2009
2010

2011

[7]

2012

2013

2014

8]

2015

2016

2017

2018

2019

2020

2021

2022
2023
2024
2025
2026
2027
2028

Genetic diseases
of known cause

FDA-approved
genetic therapies

Fastest URGS Dx

Reagent cost/GS

10,000

1,000

100

10

1




4Y

icien

Cost Eff

BBN ECHO

sWES infant cohort 2014-2015

sWES infant cohort 2014-2015

rWES cohort 2016-2017

Usual care + conventional Usual care + s\WES, AUS AUS
sequencirg tests, A%

N = 40 N =40 N = 40
Clinical assessments
Clirvcal geneticist 22,239.24 32,452497 B,6581.54
Genealic counselar ] 14,914.07 1,527.680
Subspecialist (OF) 9, 187.73 918793 240.00
Pathology
Arngtarmical pathalogy 14,4049.32 14,409 32 3277081
Basic biochemisty 4,289.12 4 28912 2,204 .81
Cormplay Biocharmisiny 943704 9437 04 17, il hi
Serclogyimmunclogy 1,520.72 1,520.72 2,145.41
Imaging 50,165.45% 50, 16545 35,198.15
Electrophysiology 2202757 2202797 20,BE6.90
Genetic tests
ANP rmecroarray 23, 880.00 23, BE0.00 23 BE0.00
Nonsequencing tests e, 2,663.40 3,.863.40 6,403.20
rretfplation)
Single-gene and panel 22 488 39 i i
SBGLENCING
VIES 1] B0,000.00 157,960.00
Dther
Medical phatography B09.52 BO9.62 ]
DNA extraction’ sample 2,541.00 440.00 1,710.04
shipoing
OTianesthasia costs 3,693.53 3,6893.53 1,260.00
Total cost 189,352.53 271.090.94 281,142.94
Patierts diagnosed ! 25 21
Cost per diagnosis 95% Cl 27.,050.36 10,B43.60 13,387.76

{15,365 51-68,529.77)

(7 487 62-14,080.02)

(9,268 68-17 506 84)

Stark Z, et al. Melbourne Genomics Health Alliance. Meeting the challenges of implementing rapid genomic testing in acute pediatric care. Genet Med. 2018
Dec;20(12):1554-1563.




Cost Efficiency

Ref. Year Country Mumber of probands Dx rate A Mx RGS cost per Cost per Dx TAT Net savings per
proband proband
= 2018 USA 42 43% 33% $16,063 $37,480 23 $18,741
“ 2021 USA 184 40% 32% $9239 $23,602 3 $6294
: 2022 USA 61 33% n.d. $9758 $29,570 n.d. $11,286
- 2022 USA 38 45% 34% $6300 $14,082 14 ($1436)
o 2022 USA 65 40% n.d. $11.029 $27.573 12 $100,440
- 2022 Australia 40 53% 39% $8088 $15.406 3 $17,243
E: 2023 USA 89 39% 27 % §7564 $19,395 n.d. $4155
- 2023 USA 184 40% 32% $14,450 $36,125 3 $22,395
*T" 2023 USA 400 49% n.d. $8000 $16,326 5} n.d.
Median 40% 33% $9239 $25,588 $6 $14,265

Baby Badger Network ECH(

Kingsmore SF, Nofsinger R, Ellsworth K. Rapid genomic sequencing for genetic disease diagnosis and therapy in intensive care units: a review. NPJ Genom

Med. 2024 Feb 27;9(1):17.



Cost Efficiency

Table 3. Effect of rWG5S-based precision medicine on acute healthcare utilization in six infants and three matched controls
Subject ID Presentation and modeled change in care  Gene  Time-to-diagnosis, Hospital stay, Decreased hospital Total cost  Cost
days (method) Days stay, days (&) avoided

&011 Cholestasis. 1st admision for etiologic Dx NPCY  71G) 8 15 {35%) $ 25278 $ 27,004
Cholestasis. 2nd admission for eticlogic Dx 15 $ 27,004

a2 Palliative care started DOL 250 ARIDNE 26 (G) 250 42 {17%) $1,949438 5 327,506
Palliative care started DOL 292 292 $ 2,276,944

&6014 Hypotonia. Avoided EMG, GA, muscle biopsy NEB! 7 (Q) 45 2 (6%) 5156914 5 9900

Contral 1 Electromyogram, GA, muscle biopsy $ 9900

6026 Cholestasis and congenital heart disease. JAGT  31G) 11 3 (18%) % 50327 5 131,795
Avoided hepatoportoenterosomy

Contral 2 Kasai hepatoportoenteraostomy 5 44,451

Avg cost  Cost of liver transplant x 43% occurrence $ 87344

G041 Seizures. Diagnosis DOL 4 KCNQZ 4 (G) 18 41 {69%) 5 79675 5 181,481
Seizures. Diagnosis DOL 42 42 [5] 59 § 261,156

G053 Hypoglycemia. Diagnosis DOL 12 ABDCE 7 iG) 10 21 {68%) % 59,769 5125514
Hypoglycemia. Diagnosis DOL 32 28 (5) 31 % 185,283

Healthcare savings 398 $ 803,199

Cost of r'WGS in 42 families 5 674,645

Met healthcare savings 5 128,554

Farnaes L, Hildreth A, Sweeney NM, Clark MM, Chowdhury S, Nahas S, Cakici JA, Benson W, Kaplan RH, Kronick R, Bainbridge MN, Friedman J, Gold JJ, Ding Y, Veeraraghavan N
' ) 7’ ’ ’ 7 7 7 ’ ’ 7 ’ 7 ’ ’ 7
Baby Badger Network ECH Dimmock D, Kingsmore SF. Rapid whole-genome sequencing decreases infant morbidity and cost of hospitalization. NPJ Genom Med. 2018 Apr 4;3:10.



What challenges do you see In
implementing genomic
sequencing in the NICU?




Challenges and Solutions

« Funding
* Hospital/Institution Support
* Insurance Authorization and Reimbursement
» Test may not affect immediate inpatient care — deferred to outpatient

* Pre-test counseling
* Consent
« Obtaining samples from both parents

« Post-test counseling
* Variants of Uncertain clinical significance
« Secondary findings

 Patient and provider education
« Complicated workflows and test ordering processes

Baby Badger Network ECH(



rGS coverage

Medicaid
Private Payer(s)
Medmald + Private Payer(s)

e

LT
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heterogeneous to be considered

Identification of genotype before
phenotype fully manifests

Diagnose or rule out known
mutations

Reduce unnecessary tests &
empiric therapies

Improve prognostic assessment,
genetic counseling

Unique opportunity to intervene
before irreversible disease
processes manifests with
irreversible symptoms

$3,000 - $8,000 per day Test for things too rare and/or
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