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CF diagnostic consensus timeline

CFF diagnosis consensus

Rosenstein et al.

Tihe diagnosis of cystic fibrosis: A consensus

statement
Beryl J. Rosenstein, M1, and Garry R. Cutting, MD, for the Cyatic Fibrosis Foundation Consenous Panel”
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NPD Technique




NPD- non CF patient:

Amiloride Cl- free Isoproteranol




Mechanisms of Cl- and Na* flux
across epithelial cells- CF cells

Cystic =G

fibrosis




NPD- CF patient:

Amiloride Cl- free Isoproteranol
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NPD measurements in CF, Atypical CF and Controls

FEANTLITFOY

Wilschanski Eur Resp J 2001;17:1208-15






NPD — BABY

Dr Michael Cohen ECFS 2017



METHODS:

Patients with suspected CF were referred from Israeli CF
centers between 2003 and 2014 who performed sweat test
(Gibson Cooke or Macroduct) and NPD (Knowles) in one
tertiary center.

(Dr Hanna Goldstein MD Thesis
ECFS Seville 2017)



« Sweat test was defined as:
Normal <40mmol/L
Borderline 40-60 mmol/L
Positive >60mmol/L.

 The measurement of e Achlor/AAmil>() 7 was defined as an
abnormal NPD while e Achlor/AAmil<() 7 was defined as a
normal NPD*.

* Final diagnosis was defined as registration in the Israeli
CF Reg IStry *Eur RespirJ. 2001 Jun;17(6):1208-15.



« Of the 170 patients with borderline sweat test
* 5 out of 140 (3.6%) with normal NPD are in the registry
while of the 30 patients with abnormal NPD, 7 (23%) are

In the registry.



Conclusions:

 In patients with a questionable diagnosis of CF, the NPD
IS very useful and Is best at ruling out the diagnosis in the
presence of a false positive sweat test.

* Nasal PD should be recommended for patients in whose
diagnosis of CF Is questionable.



Intestinal Current Measurement
(ICM)

1-a new diagnostic

procedure for Cystic Fibrosis in
infants and young children
2- Possible use as another

electrophysiological endpoint for
treatments for CF






Protocol:

1. Suction rectal biopsy (4mm)

2. Placing the biopsy between 2 plastic
plates and positioning in a modified
Ussing chamber
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Ussing Chamber




Protocol continued

3. Solutions are added on one
or/and two sides of the biopsy

4. Current measurement at
voltage clamp

(OmV)



Glucose : energy source to prove viability of the
tissue

Indomethacin: endogenic prostaglandin inhibitor
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| formation cAMP
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} apical chloride secretion

Amiloride : Inhibition of epithelial sodium channel (ENaC)




Carbachol : induction of Ccr'zl

Ca*? sensitive K* channels
hyper'polar'iza’rionl

apical chloride secretion in presence of cAMP

DIDS: Inhibition of non-CFTR Chloride Channels,
Ca*? Activated Chloride Channels (CaCC)

Histamine: similar effect to carbachol
cAMP & forskolin :  Activation of CFTR

Cl- secretion 1



Cell model of the membrane transport processes in the
human distal colon
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terminology and diagnostic algorithms

CF diagnostic consensus timeline

Cystic fibrosis:

CFF diagnosis consensus

Rosenstein et al.

ECFES diagnostic algorithm

De Boeck et al.

De Boeck K'. Wilschanski M?, Castellani C°, Taylor C*,

Cuppens H’, Dodge J°, Sinaasappel M’
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ECFS CF Diagnosis guideline (2006)
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CF diagnostic consensus timeline

CFF diagnosis consensus

Rosenstein et al.

CF Newborn Screening Result:

Positive IRT/ONA or IRT/IRT 5-14 days

P s ee®) _— CFF diagnosis consensus,
e T . e including NBS

Farrell et al.
| : } - - :
) e ] ) ECFS diagnostic algorithm

Outcomes: d De Boeck et al.
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CFF Diagnosis Guideline (2008)

Guidelines for Diagnosis of Cystic Fibrosis in Newborns through Older
Adults: Cystic Fibrosis Foundation Consensus Report
PHiLe M. FarpeLl, MD, PHD, Beryl | Rosenstan, MD, Terry B. WHITE, PHD, Frank |. Accurso, MD, Carto Castaiani, MD,

GARRY R. CUTTING, MD, PeTER R DURE, MD, FRCP, Vicky A. LEGRYs, DRA, CLS, JoHN MAsSE, MBBS, FRACP, PHD,
RicHARD B. PARAD, MD, MPH, MICHAEL |. Rock, MD, AND PRESTON W. CaMpgELL, |1l MD

CF Newborn Screening Result: Age - -
Positive IRT/DNA or IRT/IRT 5-14 days Mal n pO'I nts:
('Notification of parents and PCP ) ~2 weeks ) )
OF Gonter Dlsgreniio eabuion: * Sweat Cl- intermediate 40-60 mmol/l
Sweat Chloride Test” 2-4 weeks
1 « NPD mentioned/ no ICM
(z60mmol ) 30-59 mmol/L
Outcomes:  Intermediate category: Possible CF

Diagnosis of CF Possible CF

CF very unlikely*

CF Center Follow-up: DNA analysis 1-2 months
+ DNA analysis If IRT/IRT * Using CFTR
« Clinical Assessments multimutation
« Begin therapy aimed methoed
to stay heaithy Ancillary tests
« Sweat test siblings l

26 months Farrell et al., J Pediatr 2008
chloride test!



ECFS Diagnhosis Guideline after NBS

Jourr:alof Cyst|c
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Original Article
Cystic Fibrosis Screen Positive, Inconclusive Diagnosis (CFSPID): A new
designation and management recommendations for infants with an

inconclusive diagnosis following newborn screening

A. Munck *°, S.J. Mayell ¢, V. Winters ¢, A. Shawcross ¢, N. Derichs ¢, R. Parad ", J. Barben ",
K.W. Southern &9*

J Cyst Fibros 2015



CFTR-related disorder

eunatet CYSTIC
Fibrosis

www.elsevier.com/locate/jcf

Journal of Cystic Fibrosis Volume 10 Suppl 2 (2011) S86-S102

Recommendations for the classification of diseases as CFTR-related
disorders

C. Bombieri?, M. Claustres?, K. De Boeck®, N. Derichs9 J. Dodge®, E. Girodon f 1. Sermet2,
M. Schwarz", M. Tzetis', M. Wilschanski/, C. Bareil®, D. Bilton¥, C. Castellani', H. Cuppens™,
G.R. Cutting”, P. Dfevinek®, P. Farrell?, J.S. Elborn9, K. Jarvi®, B. Kerem?, E. Kerem®,

M. Knowles", M. Macek Jr¥, A. Munck¥, D. Radojkovic*, M. Seia¥, D.N. Sheppard?,

K.W. Southern®, M. Stuhrmann®®, E. Tullis*, J. Zielenski?!,
PE Pignatti®, C. Ferec®*

| A clinical entity associated with CFTR dysfunction that does not fulfil diagnostic criteria of CF “ I




Defining CF-causing mutations

CFTR1: >2000 known CFTR mutations

Consensus on the use and interpretation of cystic fibrosis
mutation analysis in clinical practice

C. Castellani **, H. Cuppens®, M. Macek Jr.©, J.J. Cassiman ®, E. Kerem ¢, P. Durie ©, E. Tullis /,
B.M. Assacl *, C. Bombieri ¥, A. Brown ®, T. Casals ', M. Claustres’, G.R. Cutting *, E. Dequeker °,
J. Dodge ', L. Doull ™, P. Famrell , C. Ferec ®, E. Girodon ®, M. Johannesson 9, B. Kerem ”,
M. Knowles *, A. Munck ', PF. Pignatti ¥, D. Radojkovic *, P. Rizzofti ¥, M. Schwarz *,

M. Stuhmann *, M. Tzetis ¥, J. Zielenski ¢, J.S. Elborn *

CFTR2: '
CF-causing Mutation of varying Non CF-causing
mutation clinical consequence mutation

Clinical and
Functional
Translation
of CFTR

CFTR3: Personalized characterisation of rare CFTR genotypes



CFF Diagnosis Consensus Process 2015

CFF initiative

3 chairs

Preparation and literature review
32 experts, 9 countries

Premeeting online survey

Fullday Consensus Conference as premeeting to NACFC
Review Talks to all relevant subtopics of CF diagnhosis
Plan to vote at the meeting (failed)

Refining by writing group

Voting rounds after the meeting



CFF Diagnosis Consensus Conference

6 Oct 2015, Phoenix

Conference Participants
from ECFS:

-Kris De Boeck
-Michael Wilschanski
-Kevin Southern
-Jane Davies
-Silvia Gartner
-Isabelle Sermet
-Carlo Castellani
-Olaf Sommerburg
-Hannah Blau
-Anne Munck
-Nico Derichs

CYSTIC FIBROSIS FOUNDATION

THERAPEUTICS

Working/Writing Group:
-Phil Farrell

-Patrick Sosnay
-Sarah Hempstead
-M. Howenstine
-Bruce Marshall
-Susanna McColley
-Clement Ren
-Michael Rock
-Margaret Rosenfeld
-Isabelle Sermet
-Kevin Southern
-Nico Derichs

-Terry White
-Preston Campbell



SUPPLEMENT TO

The JOURNAL e
of PEDIATRICS

Cystic Fibrosis Foundation Consensus Guidelines
for Diagnosis of Cystic Fibrosis
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Cystic Fibrosis Diagnostic Challenges over 4 Decades: Historical Perspectives and Lessons Learned
Philip M. Farrell, MD, PhD, Terry B. White, PhiD, Nico Dertchs, MD, Carlo Castellamt, MD, and Beryl |. Rosenstein, MD ..o S16

Applying Cystic Fibrosis Transmembrane Conductance Regulator Genetics and CFTR2 Data to

Facilitatc Diagnoscs &4
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CFF Diagnosis Consensus Guidelines 2008 vs 2015

CF Newboen Screaning Result: Age
( Positive IRTIDNA of IRTIRT ) 5-14 days
'
(Nouﬁcuion of parents and PCP) ~2 wooks
CF Conter Diagnostic Evaluation:
( SweatChioride Test* ) 2-4 wooks

Gummei) . sommmon ) (sammai )

Outcomes: f ( f

C mq'mbdcf') C T ) me:-mm )

' ' '
CF Contar Follow-up DNA analyss 1-2 months
* DNA analysis if IRTART « Using CFTR
« Clinical Asessmants mutimutation
» Bagin thorapy aimod mothod e l

10 stay hoatiy « Ancllary tosts l ] ng Unavailable, CFTR function
« Sweal lost siblings ‘ CFTR dysfunction Euivocsl M
1

Repast sweat 2-6 months v v v v LR
chioride testh :
CF Diagnosis CF Diagnosis Not Resolved [ CF Unlikely ]




CFF Diagnosis Consensus Guidelines 2008 vs 2015

fii WA ; ST 7 : i
Table I11. Summary of revisions to the 2008 CF Foundation guidelines for diagnosis of CF
Revisions to guidelines for screened populations
2015 Consensus 2008°* Comparison
* Swedl testing: same recommendation n 2008, but s not being followed and e Sweal lesting: should be done in everyons
: ALE StZed nere
< o Sweat CI™: < 30 mmold 8 nommal threshold for all ages (exceptons oceur o Sweal C17: < 40 mmol/L was normal threshold for ages =6 mo {exceptions
I oceur)
<1 * NPDACW: useful; testing should be conducted in a validated lab o NFD: limited to contrnbutory evidence; ICM: used only in research
— EATEE mutation ist, with guidetines 1 o CFTRmutations: Used ACMG/ACOG panel of 23 mutations™
—oatinduded in CFTR?
¢ Presumptive diagnosis of CF: can be made (NBS* and 2 CF mutations or signs * Not discussed
and symptoms of CF; or meconium ileus) and treatment started; diagnosis
must be confirmed with a sweat test
¢ Genetic analysis: recommended in addition to that done during NBS ¢ Genetic analysts: recommended if not part of NBES
Revisions to guidelines for CRMS/CFSPID
2015 Consensus 2008"* Comparison
| N I}MS = CESEID: now a harmonized definition — o (Neither term in use)

Repeat sweat testing: every 6-12 mo, but recommendation considered to
be “evolving”
Clinical assessment: by age 2 mo; repeal every 6-12 mo

o Repeat sweat testing recommended; NPDACM testing may be considered

¢ Clinical assessment: by age 2 mo; duration and frequency of follow-up
remains to be determined

Revisions to guidelines for nonscreened population
with inconclusive sweat chloride values

2015 Consensus 2008' Comparison
o Swedal CI: <30 mmol/L 1s normal threshold for all ages (exceptions o Sweal CI: <40 mmol. was normal threshold for ages > 6 mo
oceur) (exceptions ocour)
¢ Ancillary testing: NPDACM o Ancillary testing: NPD only
Revisions to general definitions
2015 Consensus 2008 Comparison
* CFTR-related disorder: a symptomatic entity that does not meet diagnostic ¢ CFTR-related disorder  Individuals with 0-1 CF- causing mutations and
critera for CE chnical signs (possibly multiple-organ) suggestive of CF
0id terms like “atypical” or “nonclassical” CF because there IS * Recommendation unchanged but greater emphasis now given to the
~—_Consensus definion of these terms importance of avoiding these imprecise, potenfially confusing terms in
the US.
A 4




CFTR genotypes

r
Table I. Categories of mutations, as defined by CFTR2 i
Clinical criteria Functional analysis Population/penetrance
CF-causing Mean sweat chlonde Mutation of the type expected to produce no protein Evidence suggests completely penetrant for CF:
>60 mmol/L in patients with (nonsense, frameshift, canonical splice)’ * Not seen in the nontransmitted allele in fathers of
the mutation present in frans OR offspring with CF
with a known CF-causing Functional evidence of: e Allele frequency in the population with CF higher
mutation” o <10% wild-type CFTR mRNA present than in the general population
e <10% wild-type CFTR protein folding/processing
o <10% wild-type CFTR-specific chloride
conductance
MVCC Variant may or may not meet Vanant may or may not meet CF-causing criteria Lack of CF phenotype in some individuals with
CF-causing critena mutation in frans with CF-causing mutation
Variant does not satisty beth clinical and functional criteria above (but may satisfy one or
the other, or may satisly neither)
Non-CF-causing  Chnical evidence not considered  Vanant must not meet CF-causing critena Evidence that the vanant i1s nonpenetrant:
o Allele frequency in the populaton with CF lower
than allele frequency in the general population
* Observed as the nontransmitted allele in trans
with a CF-causing mutation in the father of
offspnng with CF
Unknown Analysis incomplete
OR
Unable 1o assign a disease liability charactenzation 4

mANA, messenger RNA.

*If too few patients with sweal chlonde data, pancreatic function data are used.”

Thot adl mutations that cause premature terminations will result in nonsense-mediated decay and no protein (ie, those with terminations in the last exon); in which case, laboratory-based func-
tional analysis 1s required.

MVCC—Mutation of Varying Clinical Consequence



CFTR genotypes

( Table I1. 2015 CF Foundation diagnosis consensus conference recommendations for diagnosis of CF using CFTR2

~

Statement
numbers

Consensus statements

11

12

20

The latest classifications identified in the CFTR2 project™ should be used to aid with CF diagnosis;

* CF-causing mutation: individuals wath 2 copies on separate alleles will ikely have CF (clinical sweat confirmation needed)

* Mutation of varying clinicd consequence (MVCC): a mutation that in combination with a CF-causing mutation or another MVOC mutation may
result in CF

 Uncharactenzed mutation/mutation of UNK: mutation that has not been evaluated by CFTR2 and may be disease causing or of variable chimcal
consequence or benign

* Non-CF-causing mutation: individuals with 1 or more are unfikely 1o have CF {as a result of thal allele)

In individuals ptesantmg with a pnsnwe newbom screen, symptoms of CF, or a positive fanuly history, the identification of 2 CF-causing mutations
(defined S veal chlonde testing 18 necessary lhough to confirm the diagnosis.

Ly

[ Tuble 111, Effects on diagnosis recommendations of different categories of CFTR mutations in the presence of a CF- )

causing mutation (in trans)
CFTR genotype
Allgle 1 Allele 2 Recommendations for interpretation

(F-caussng  Vanaot not characterized by This category mdudes mutations not annatated by CFTRZ. Therefore, this genotype miy of may not result in CF,
mutabon CFIRZ (or ctegorized as dependng on he disedae haldity of the uncharcter zed vanent. In some cases, there may bo existing hterature on

*unknown”) the varmant, If so, the same critena used by CEFTRZ can be used to define the pathologic potental fur that vassnt.
The Wtetature on the varant should include dinical ewdence (descrbed in well- phenotyped pationts with CF),
Tuncional essdence (either predicied to resull i no protein, fested Tor BNA of protein leveds, or Sested Tor chiofide
conductance), and finally, population evidence. The population evdence can be investigated by loaking for the
variant in pubilic databases such as 1000 genomes™ o the Exome Aggregator Consortium, ™ A tugh alldle
frequency of the varsant in fiese public databases would suggest that it s not fully penetrant.

Mutation of varying chirecal The Nkelihood that this genotype will result i CF will depend on the peaetrance of the mutation with varying clirscal

consequence consequence, in most cases, that s not well known, The dinical scenano becames the key determtide of tha
diagnaatic label. This can become chillenging, especaally if this genotype is detected in & newbom {ig, Extendod
Genetc Testing as Part of NBS in Calrlornia). Becauss lung and pancrestic phenotypes progress over Bime, a dinical
scenano that meets OF cnitena miay not occur ot tates in life,

No vanant dentified The bory 1o interpreting a resull in wiech only one vasiant identied 1s ovaluating the extent of genetic testing., If oaly &
panel containing common mutations was used, there may be an unidentified mutation I these & suspicion from
oither chincl criteria of from CF TH physiologic testing, extended CF TH andyses should be performed. Sequencing
and deletion duplication testing have a very high negative prodictive value, but cannot campietely exclude the CF

Non (¥ -causing Tha non-CF - causing mutations in CF TRZ were all identified in pagents believed t have CF (enotgh 1o be entered in a
regustry). This occurred becatse the indwidual (1) does not actually have CF, and the diagnosis i incottect; (2) as
mild organ system manifestahons fiat do not iypecally meet diagnestic atenia for CF, but may be an example of a
CFTR-refated disardor; o (3) bas CF, but 1 of the causatve variants has not been ideniified (and the non-CF-
causing varoant is inappropatedy assumed the culpet), Thes (2 mutabions on the same chromosoms would be an

example of a complex allele.




Screened populations: CRMS/CFSPID

-

Table 1. Consensus recommendations related to CRMS/CFSPID

Statement

numbers* Consensus statements

16 The term CRMS 18 used in the US for healthcare delivery purposes and CFSPID is used in other countnes, but these both describe an inconclusive
diagnosis following NBS.

17 The term CRMS/CESPID i1s reserved for individuals who screen positive without dinical features consistent with a diagnosis of CF.

18 The definiion of CRMS/CFSPID is an infant with a posttive NBS test for CF and either:
¢ A sweat chlonde <30 mmol/L and 2 CFTA mutations, at least 1 of which has unclear phenotypic consequences

OR

* An intermediate sweat chlonde value (30-59 mmol/L) and 1 or 0 CF-causing mutabons

19 Children designated as CRMS/CFSPID should undergo at least one repeat sweal chlonde test at CF centers with suitable expertise, such as an
accredited CF center,

20 Children designated as CRMS/CFSPID should have chinical evaluation performed by CF providers to identify the minority that may develop clinical
symptoms.

21 Children designated as CRMS/CFSPID can be considered for extended CFTA gene analysis (sequencing and/or deletion duplication testing), as well as
CFTR functiona analysis (NPD/ICM) testing to further define their ikelihood of developing CF.

2 The decision to reclassify children designated as CRMS/CFSPID as CF i1s an integrated decision that should take into account functional assessment of
CFTR (sweat chlonde, and possibly NPD/ICM), CFTR genetic analysis, and clinical assessment by the CF dlinicians caning for the patient.

23 Genetic counseling should be offered to families of ndmduals followed for CRMS/CFSPID, including a discussion of the risk in future pregnancies.

24 Research recommendation: Infants with a designation of CRMS/CFSPID (by definition) do not have clinical features consistent with a diagnosis of CF

and further research is needed to determine the prognosis and best practices for frequency and duration of Tollow-up.




ECFS: Equivocal .
after NBS Global Joint
ECFS diagnostic ECFS: CFSPID || Consensus?
algorithm CFF: CRMS
IRT NBS Update ECFS
CFF CFF consensus CFTR-RD Undate
Sweat test NPD Gene ICM CONSENsUS (+NBS) gFF

>

11959| [1983|[1989 | 1991|1998 || 2006 || 2008 | 2009 2011 | 2015 | 2018

Continue to work towards global CF diagnosis consensus
(ECFS, CFF, Australia, Latin America, Africa...)
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