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NIH report recommends
strategies for advancing
research on necrotizing
enterocolitis

Thursday, September 19,
2024

We'll get out
of this if we
just keep

digging




Quiz

. Please define neonatal necrotizing enterocolitis.

2. Is necrotizing enterocolitis a distinct disease?

. Do babies with Bell’s Stage 1 or 2 “NEC” have
intestinal necrosis?

. Do we have a clear understanding of the
pathophysiology of “NEC”?

. Do we have accurate biomarkers for NEC?

. Are there clearly effective preventative strategies?

. Should we start over again and redefine intestinal
injuries and feeding dysfunctions we are calling
IINEC}I?
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Historical Perspective: Being led
astray: 60 years---not much
progress

Lumping of several
diseases called
“NEC” into the same

data set.

Animal models do
not correctly
represent what we
see Iin human
preterms.

Narrow focus on
Individual pathways
rather than systems.


http://www.surgery.cuhk.edu.hk/paed/ppaedb.jpg




Bediarr Res. 2000 August - 8%{Sumppl 1t 10-15. doi-10.1038/541300-000-1074-4

Defining Necrotizing Enterocolitis: Current Difficulties and
Future Opportunities

Ravi Mangal Patel, MD, MSc'. Joanne Ferguson, BSc®, Steven .J. McElroy, MD®, Minesh
Khashu, MBBS, FRCPCH, MD+==, Michasl 5. Caplan, MD=

'Department of Pediatrics, Emory University School of Medicine and Children's Healthcare of
Atlanta, Alanta, GA, USA. *Special Interest Group in Necrotizing Enterocolitis (SIGNEC), Beliast,
Morthern Ireland. *Stead Family Department of Pediatrics, Department of Microbiology and
Immunology, University of kowa, lowa City, 1A, USA *Poole Hospital MHS Foundation Trest, Poole,
DCorset, LK. *SIGNEC, Poole, Dorset, UK. *Department of Pediatrics, NorthShore University
Health System, Evanston, IL, USA

Abstract
Necrotimmg enterpcoliis (NEC) 1= a leadme canse of morbsdity and mortality in hospitalized
miants. First classified through Bell staging m 1978, a number of addstional definitions of NEC
bane been proposed in the sabsequent decades. In this review, we summanize § qument definstions
of NEZ, and expilore similarites and differences m chinical signs and mdiographsc features
mehaded within these defimitions, as well as their boutations. We highhight the mmporance ofa
global consensus oo defimins NEC o maprove NEC ressarch and outcomes, Incorperating ingut
from participants at an mierrational NEC confersnces. W also highlisht the important rode of
parient-2mibes m belpme to redefine WEC.
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What do we call “NEC”

Stage 1,2,3

. . Spontaneous
Cardiogenic P

Intestinal

Ischemia Perforation

“N EC”

Radiologic

Food Protein mistake

Intolerance
a Q-Ip
“FPIES” Poopatosis

Congenital
Anomalies

E.g.,
Hirschprung'’s




NEC Pathophysiology

Warning: We are talking about current concepts

of pathophysiology, diagnosis and treatment. If we
don’t have a good definition and if what we are calling
*“NEC” is several different entities, then how can we
trust our current data sets, basic and clinical studies?

Disclaimer: The following part of this presentation

about pathophysiology will discuss our current understanding
and will hopefully be refined soon.
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“Classic” NEC

Neu, J. and Walker , W. A. New England Journal of Medicine, Jan. 2011



Pathophysiologic Overview at the
Barrier: A Perfect Storm

Altered microbiota
(low diversity caused by antibiotics) —
Intestinal necrosis

Intact intercellular ¥
- U junction
Commensals

"w')a’ ol 'wmm\.\

IgA&b ‘6
iy

Intestinal
epithelium

Genetics Immature intestinal barrier
Polymorphisms in TLRs Decreased mucus
Decreased IgA

Low intercellular junction [=—————""%
integrity and increased
permeability

Neu, J. , Walker, WA. NEJM, 2011



Mean Corrected Gestational Age
at NEC Diagnosis

15+

10+

No of NEC cases

0 ) ) ) ) L) ) ) ) ) ) ) TI
24 25 26 27 28 29 30 31 32 33 34 35
CGA in weeks at NEC diagnosis

-

29 week preterm Pammi, M. et al. Microbiome, 2017



Major Microbiome Sequencing
Technologies

M|crob|ome OTU = Operational Taxonomic Unit,
* a group of very similar 16S
sample sequences
Nucleic acid

17 extraction/purification —l
16S rRNA sequenclng Total microbiome DNA sequencing

PCR amplify Nr‘”f S Next-generation sequencing
16S rRNAgene  _aw— - of total DNA from the
| W AW microbiome sample
Sequence |
! Filter host DNA sequences"
Group sequences into OTUs Compare microbial sequences
Compare OTU sequences to databases and
to databases reference genomes
Identification of: Identification of:
’ /7
Wh OS + Species e + Species + Variants W h at
+ Relative abundance of * Relative abundance of + Polymorphisms
The re ? species within sample : species within sample  + Functional are th ey
* Genes information

doing?
Adapted from : https://www.neb.com/tools-and-
resources/feature-articles/addressing-challenges-in-

microbiome-dna-analysis
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Seminars in Fetal and Neonatal Medicine 23 (2018) 370-373

Contents lists available at ScienceDirect

Seminars in Fetal and Neonatal Medicine

journal homepage: www.elsevier.com/locate/siny

Necrotizing enterocolitis comes in different forms: Historical perspectives )
and defining the disease 4

J. Neu™", N. Modi"”, M. Caplan®

& University of Horida, Colege of Medicne, Gainesville, FI, USA
P imperial College London, London, UK
© University of Chicago Pritzker School of Medicine, NorthShore University Health System, Evanston, IL, USA

ARTICLE INFO ABSTRACT

Keywards: The specific cause of what is commonly referred to as necrotizing enterocolitis (NEC) disease has been elusive
Necrotizing enterocolitis largely because it is becoming clear that this entity represents more than one disease with multifactorial pa-
pf' &‘”Ph-'r:““l‘fi‘ﬁ' . thogenic mechanisms. Furthermore, finding clear and consistent diagnostic biomarkers will be difficult until the
Differential diagnosis different subsets of what we are calling this disease are better delineated. In this introductory chapter, we discuss

different disease entities that are frequently termed “NEC” in the newborn infant. We hope this will set the stage
for more focused research and development of preventative measures for at least the most common forms of this
disease.



Diagnostic Challenges: Status of
Data Bases




29-week Gestation Preterm: Abdomen
Soft, baby taking NG feeds well but
Incidental Finding on Radiograph

“Poopatosis”



25 week Preterm, 5 days old,
breast milk, on hydrocortisone for
“hypotension”---distended
abdomen.







Is there a Clear Definition of NEC?
Bells is Broken

» Stage 1-Too non-specific
and the term should not
be used.

» Stage 2-Radiographic
signs can be “fuzzy”.

» Stage 3- Free air on
radiograph could signify
Intestinal necrosis or
Spontaneous Intestinal
Perforation (SIP)




When studies find an

ASSOCIATION

between two things

it does not mean one thing

CAUSED

the other one to happen.



Dipinicn

When Biological Causality Is Determined in a Court of Law

Josef Meu, MO Meena Modi, MD

There are currently thousands of lawsuits being Bigated in the
LS against physicans, nurses, hospitals, and industry relsted o 2
recent Court I'I.il‘q:i. that farmula chusas I‘rEi'.rl:IIi.t'l'lg enterocokitis
(MEC) in préterm infarns. Thess are syrmptomatic of 8 much langer
issue that involves courts conflating assocation with causation, ather
exarmples of which are lwwiuits relating 1o claims that agents such
&5 1ale eauge certain cancers and acetaminop hen Laken during preg-
RANCY Causes autisn imalfspring. The kegal process also plices enor-
mous value on the views of indviduals, although medicine has lang
eschiwed this i Paver af systematic reviews of peer-reviewed evi-
dhance and stattcal ml-_.-.!u. that incorporate fommal maaiures of
prabability. A eurrent cause céébre is the growing tide of eriticsm
against begal scepptance of “expert” opinion, and Mewed inerpre-
tatian of dats, that was instrumental in the commction of & neanatal
Frarse, Luscy Letby, for the murder of 7 infants | Targets for Rtigation
are ey to find as sodistions abourd. NEC litigation has been en-
eturaped tirough adver tising by sefiction 1o diaraught parents, pes-
suating them that a specific action, the lesding of formula, was the
e of Lheir infant's intestingl prablems. Medicine and the i pre-
sacke arver life-changing decisiars. surely an understanding of sten-
tific methed foe determining causality, snd ethical slandards af
behavicr, shauld be an essentisl reguiremant Tar both?

I this Viewpoirt, we dscuss the (1) Lack of a clear definiticn and

hurman donor milk is also probective. However, i whale-populstion
2year surveillance study in England and Wabes showed that 50%
af infarits devedoping NEC resulting in surgery andfor death had
received only human millk feeds before angst !

Clirecal trial evidence to date & incond wsive. & Cochrane Li-
Brary systematic reviewy identilied 9 small randomized clnical trials
{RCTs} that companed donor milk amnd Tonmols a8 either Sole diet or
suppherment 1o an infant’s cwn mother's milk and included NEC as
an outcome.* Meta-analysis in which the comparison combied
trials of sobe and supplemertary diets shaws higher risk with for-
rrila [redative sk, 1B 95% 00, 123-2.85). However, the Cochrane
reviewers sound several notes of esution. The magority of the RCTs
ook place in the 15708 and 19805, when the patient populaticn
dliffered substantially from that of teday: samphe sizes wene inad-
euiabe, methodologicsl guality was poos, snd no differences were
s in key oulcoees such as mortality and sepsis that would be
important correboration af benelit,

Pathent Safely Considerations

Infants are hammed when their awn motber's milk is unsvalshle.
Mathers al very preterm infams who want bo breastfesd must ex-
press milk for mamy wesks because the developrmental maturity
o suckle is orly resched ot sround 33 to 34 weeks” geststion. This

Neu, J. Modi N., JAMA Pediatrics Dec. 2024



The term “NEC?” has been
misused for decades!!

Why should we say “necrosis”
when the evidence in most
cases is lacking?



Preventative Strategies




Routine Use of Probiotics
for Prevention of “NEC”

L ARE WE THERE YET I l

T 9] 4D vr:T m




Meta-Analysis -NEC

Pl Prafectics for prévantion of necroliting sobsrocolis
Companison 0 NEC
CudCrin 01 Dafindle NEC
Shudy Probinlic: Ty proilic: R (Toed) Wight R (fced)
0 Su-calegry b Fuld 95 O % 95% O
Ml 1597 045 [+FE 13 Kok estimanls
Do 2002 4,285 2,30 — 11.15 0.47 [D.15, L.51]
Costsios 3043 B/EL &3 —_— - 4 O.E% [D.1%, 1.78]
Biirs Mum 2005 177 10,73 —_— 13.7 0,10 (0,08, 8.77]
Lim 2005 Z/L80 10,5187 —_— 13.568 0. 2L [D.05, 0.94]
Waraoni 2006 1739 F4L —_— 4. 04 0.35 [D.04, 32.23)]
Mol 06 /Tl 1717 —_—— 1.583 L.&F (0,16, 1&.37)
Saraditi 2007 0/ ER 3L L L 0.l [0.0k, E.19)
Lin 2008 4,217 147207 —— 15 3E O.2% [D.10, D.8E]
Samants 2008 5791 1598 —il— 0. 29 0.38 [0.13, 0.392]
Rouga 2000 245 1,49 —_—t— 1.3 Z.1e [D.Z0, 23.21]
Total (35% CI Load 1082 -'r Ll , 0,38 [0.25, 0.55]
Tolal events 36 (Profiolic), T1 (no probiolic)
Tesl bar helerogenely. Chi' = 7 66, df = 9 (P = 05T, P = 0%
Test tor oversl afect: £ 454 (F < 00000 )

nm ni 1 10 100

Farvors restment Fareors cominal

FAGURE 2
Effect of probioticz om REC.

Deshpande, G. Pediatrics, 2010



Cochrane Review of 60 trials with 11,156
infants: July 26, 2023

Authors' conclusions:

Given the low to moderate certainty of evidence for
the effects of probiotic supplements on the risk of NEC
and associated morbidity and mortality for very
preterm or VLBW infants, and particularly for
extremely preterm or ELBW infants, there is a need for
further large, high-quality trials to provide evidence of
sufficient validity and applicability to inform policy
and practice.



CLINICAL REPORT cabdance for #he finidan in Rendering Pediatic Care
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Use of Probiotics in Preterm Infants

Eranda Faindedar MO, M3, FAS, (OMMITTEE ON FETUS AND BEWSTRN

Prohiolic products in the Unitsd Sialés ane availshle for use in the gensercal
catepory of distary supp lement s, bypassing the rigar of the U3 Food and Drug
M minislraSan (FOA) approval prodess in salely, efficacy, and manufss fing
standanrds &S a resull, currently snailahle probiolics Lack FlA-aporowed drug
lahding and cannol be markded Lo esl or préwent dissass in prdem
miants, inchling néorofinng enterncalifs and lale-onssl sepss Despile lack
of aailability of & pharmaca Scakgrade product, the number of prétsam
infants récsiing probiolics in e Unied States and Canada it steadily
mareEsing Aording B retanl reparts Fom larpe collahoratie datahass in
the United Sates, approdmately 10% of edremdy low gestational age

néon ales recdwe & probiolc preparaSion dudng their stay in the MICU, with
wikle warisSion in pracics among unilt bn sum, more Han 10 000 preteam
infants hawe been enrolled in randamicsd clinicall tials of probiotic

sugp lement afon workdwide Wahada logic differences amang 2udy protomls
indud &d diflerenl drains and combinations of therapy masking of trials, and
& prior definiSons of the primary oulsome measine Lange melsanshses of
theses Irials hane damonstrated the efficaty of muliplesinain prabiolics in
resthucing necroliting entenaooliis and allcause mortality, whensas the efficacy
of singlesrain probiolic preparations is less certain In ®he ahsenee of an
appropriste malical-prade oo duct in the United Raes, distary

sugp lement—grad & probioic, some of whidh hae bean the subjed of recnt
rescalls for contaminafon, are bsing préesoribed Gen e Lack of FDA-
reulated pharmaca Seal-prade produd s in the Unied States, conflicting data
on safdy and efficaty, and potential for harm in a highly wilnerabie
populstion, current avidence doss not supnar. e rouling uniwersal

ad minisiraSon of probiotics Lo pretesm infants, partioul ardy Siose with abirth
werghl af 1000 ¢

abstract

Shtdmwin Haabhara st Alzab @ Sohaal af Medcna, Enay
thvwrrty Afank; Borgn
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MErAg M et g parnatag g lan o aeeseT o
1% saaw 7 drecheg L audr apararad 2! M ! nanoenal ax
AT
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“Given the lack of FDA-regulated pharmaceutical
Grade products in the United States, conflicting
data on safety and efficacy,, and potential for
harm in a highly vulnerable population,

current evidence does not support the routine
universal administration of probiotics to
preterm infants, particularly with a birthweight
of <1000 grams.”



What is the
difference between
a probiotic and a Live
Biotherapeutic
Product?



Connection Study: Historical Perspective

2012 - Work initiated by IBT (Infant Bacterial Therapeutics). Existing data was unclear with several
small trials, meta-analyses.

2013 - Discussions commenced with FDA and European Agency.

2016 - Initiation of Phase 2 trial under IND.

2016- ongoing - Safety concerns about probiotic agents (mucormycosis, sepsis,
most recent FDA warning after sepsis and death).

2024 - Enrollment of Phase 3 Connection study completed in summer.




Objectives

Evaluate the first live biotherapeutic product, IBP-9414 vs. sterile
water placebo in very low birthweight infants in terms of:

* Safety
* Prevention of NEC (primary endpoint)

Improved sustained feeding tolerance (primary endpoint)

Reduction of deaths due to any causes (secondary endpoint)
® Decrease in severity of NEC

Other prespecified outcomes such as length of hospitalization,
growth, other morbidities




2117
Treated
Infants

Birth weight 500-1,500 grams (overall

median 850 grams)

® 551 infants (26%) with 500-749 grams
® 1351 infants (64%) with 750-1,000 grams
® 215 infants (10%) with 1,001-1,500 grams

Females (50%), Caucasian (58%),
Black/African American (27%), cesarean
section (77%)

Well balanced groups treated with IBP-
9414 and placebo with respect to birth

weight, age, sex, geographic region, race,
ethnicity, method of delivery etc




Necrotizing Enterocolitis (NEC)

NEC IBP-9414 Placebo RR (95% Cl) P
NEC, all mITT 93 (8.7%) 107 (10.2%) 0.86 (0.66 - 1.11)  0.248

1. (mITT) population (defined as infants receiving at least one dose of IBP-9414)




Necrotizing Enterocolitis (NEC)

NEC

IBP-9414

Placebo

RR (95% Cl)

NEC beyond day 14d

59 (5.7%)

79 (7.7%)

0.74 (0.53-1.02)

0.067

Taking the heterogeneity of the disease, the difficulty in x-ray analysis
and time required for the pharmacodynamic effect

NEC by surgery beyond day
14d

3 (0.3%)

10 (1.0%)

0.29 (0.08-1.06)

0.046

1. (mITT) population (defined as infants receiving at least one dose of IBP-9414)




IBP-9414 - Reduction of Mortality

All-cause deaths IBP-9414 Placebo RR (95% Cl) p
Deaths, beyond 14d 22 (2.2%) 40 (4.0%) 0.54 (0.33-0.89) 0.014
100 — IBP-9414 ® Pharmacodynamic effect
— Placebo of IBP-9414 observed
after 14 days of
&£ 95% treatment
o
2 ® Preventive effects on
% mortality coincides with
@ 0% when NEC and BPD
occur in preterm
infants
B5% |

I | [ | [ [
0 10 20 a0 40 50 60 70 BO

Follow-up (days)

1. (mITT) population (defined as infants receiving at least one dose of IBP-9414)



Conclusions

Largest study ever of a live biotherapeutic product in premature infants

® Numerical benefit of IBP-9414 treatment on NEC and SFT
O NEC ambiguous clinical diagnosis unless laparotomy or autopsy are performed
O SFT hampered by variable adherence to advocated enteral feeding protocol

® Significant reduction of the risk of death from any cause

® No concerns as to safety

® Lactobacillus reuteri never found in blood cultures taken for clinical suspicion of sepsis

Positive benefit-risk of IBP-9414 in premature infants born at very low birth weight




Canadian Study: “Effectiveness and
Risks of Probiotics in Preterm Infants?” .

Alshaikh BN, Ting J, Lee S, et al. Effectiveness and Risks of Probiotics in Preterm Infants. Pediatrics. 2025;155 (3):€2024069102

*Review of 32,667 infants born before 34
weeks gestation in Canadian Neonatal
Network. Probiotics vs. no probiotics.

*No difference in NEC or sepsis between the
groups.

*Decreased mortality rate (aOR 0.62, Cl 0.53-
0.73).

*Probiotic sepsis seen in 31 infants, 3 died.



Studies on “NEC?” are problematic:
WHY?

Stage 1,2,3

Spontaneous
Intestinal
Perforation

Cardiogenic

Ischemia

“NEC”

Radiologic

Food Protein mistake

Intolerance
“FPIES” “Poopatosis”

Congenital
Anomalies

-
Hirschprung’s
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W) Check for updates

Definitions of necrotizing enterocolitis: What are we defining
and is machine learning the answer?

Camilia R. Martin'2%

© The Authoris), under exclusive licence to the Intemational Pediatric Research Foundation, Inc 2021

Pediatric Research (2022) 91:488-489; https://doi.org/10.1038/s41390-021-01687-0

The quest to adequately define, diagnose, and manage human
disease is recorded as early as 2600 BC as evidenced by the
Egyptian Edwin Smith Papyrus.' This process continues to be
iteratively explored and updated as new approaches (eq. the
scientific method and evidence-based medicine) and new
information become available with advancing technologies.
Disease dassifications can serve many purposes. It can be used
to diagnose, predict disease risk, optimize therapeutics, assess
morbidity and/or mortality, determine quality of life and health
care utilization, and predict long-term medical needs. At the same
time, ideally, disease classification should not overdiagnose or
overtreat. All these elements are important when considering
necrotizing enterocolitis (NEC), the infants it afflicts, and the
families it impacts.

It is often discussed that Dr. Martin Bell proposed the first
“definition” of NEC in 1978. However, this is not a definition of the

get NEC? What is a reliable set of risk factors that are modifiable
and are subject to practice change and early therapies to minimize
the risk of disease? To resolve these issues, it rests on us to
determine a robust definition of disease presence and here we
enter a continuous imperfect circular argument.

Six definitions have since been proposed in the literature to
chip away at our clinical uncertainties and were recently analyzed
in a thorough review by Patel et al® The more contemporary
definitions include the Vermont Oxford Network definition, the
Centers for Disease Control and Prevention definition, the
gestational age-specific case definition of NEC (UK), the two out
of three rule, the Stanford NEC score, and the International
MNeonatal Consortium MNEC workgroup definition. With now a
handful of models to potentially use for clinical and research
purposes, should the dominant position of the modified Bell's
criteria be replaced?




The Future:

How can we mesh Al with multiomics and
diagnostics and therapeutics in neonatology?




Unsupervised Machine Learning
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Unsupervised machine learning:
Starting all over again

Surgical . Very premature Mature
clu:ter I‘;:auusl::::ytoss Non-surgical Early Injury With Early
cluster cluster Injury

cluster

o
A

{ mwm"*'“nwnw;”

| ] r T 1 ARE BB 1 | - - - II

II IIlbl II IH .I I.* Ili III | _I_I

C L ..|.: I,-”I-d-r TR | drych

i n’ll t""h LA

ik F’a..-.t R .rrlr |

B R R g e R T R R A R L o R B e R R g g e T R S e e N R E R R AR p e A PR e TR R R s pag e AR g BRe SR pLRRR pR IS R RRRE TR Ry e ROy

Gipson, et al. Pediatric Research, 2024



lTor Pased bairlc Faearch

.'.-- I.." { Sacmhy for
..,#"P? Er_\ mppms Rty ':'pr Padiatic Bnesarch whaw.na ture.com. pr

COMMENT [ M) sk or et
Artificial intelligence to classify acquired intestinal injury in
preterm neonates—a new perspective
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IN concusion, this study represents a promising and novel
approach to redefining acquired neonatal intestinal diseases,
including NEC and SIP, using unsupervised machine learning. This
predominantly phenomics’ approach can be substantially
improved upon in future studies by incorporating large datasets
from multiple centers and by induding more learning features
combining clinical, laboratory, radiographic, genomic, metabolo-
mic, and microbiota data.'™ In the quest for better classification of
acquired neonatal intestinal diseases, the intent to develop tools
that can be applied in the clinical and research setting should be
paramount. Ideally, such endeavors would redefine disease
according to pathophysiologic mechanisms, which in turn could
provide new paths to prevention and therapy. Any new re-
classification schemes based on machine learning should undergo
prospective evaluation to ascertain their performance and real-

world impact in the dinical setting.




eveloping an Improved Taxonomy:
Why Multiomics
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Strategy for the Future (one
possible approach)

. Make believe the term necrotizing
enterocolitis never existed for
neonates.

. Evaluate large datasets of preterm
infants with various forms of feeding
intolerance, putative intestinal
problems, defined intestinal
problems and perform unsupervised
clustering.

. Prospectively cluster infants using
unsupervised Al, collect samples and
utilize integrated multiomics to
iInterrogate mechanisms.

. Delineate clinical features and
biomarkers that can be used for
early detection for each cluster.

. Develop preventative and
therapeutic measures based on
pathophysiologic mechanism.
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