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Achtergrond immuniteit

SCID

SONNET

Nederlandse situatie

Behandeling van ernstige immuunstoornissen




Wat doet het afweersysteem? /

e Infecties opruimen
. . o The immune system
e Kwaadaardige ziektes, maligniteiten

weghouden
Pathogens

e Zorgen dat er geen (overmatige) ~

ontsteking of autoimmuniteit of allergie

ontstaat
Neaplasia

e (Vreemd weefsel afstoten)

Zonder afweersysteem gaat het mis

Auto-immunity
Allergy



Het immuunsysteem - samenstelling /

e barriere

Immune System
|
. .. . [ |
* huid en slijmvliezen S e

(skin, mucous (immunological cells)
membrane, nasal hair) l

* zuurgraad (e.g. maag) | |

« commensale flora (e.g. darm) Phagoﬁ X*ﬁa@}

 trilharen (luchtwegen) Sl T
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Het immuunsysteem - samenstelling /

® ba rriere Immune System
|
[ |
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(skin, mucous (immunological cells)
membrane, nasal hair)

e zuurgraad (e.g. maag) r |
1t Line E
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* trilharen (luchtwegen) cA 3 0

* huid en slijmvliezen

e aangeboren afweer — aspecifiek (‘innate’)
* granulocyten
* macrofagen

* natural killer (NK) cellen
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Het immuunsysteem - samenstelling /

e barriere ,
mmune System
|
. .. . [ |
* huid en slijmvliezen External ntarnal

(skin, mucous (immunological cells)
membrane, nasal hair)

e zuurgraad (e.g. maag) T |
1% Line E
e commensale flora (e.g. darm) o '—-hyt Kt #@}
agocytes 0

 trilharen (luchtwegen) GM@ %

e aangeboren afweer — aspecifiek (‘innate’)
 granulocyten
* macrofagen

e natural killer (NK) cellen

e verworven afweer — specifiek (‘adaptive’)
e Bcellen

e Tcellen
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Hoe is normale afweer opgebouwd? /

Granulocyten / monocyten / macrofagen
v Ve - fagocyteren bacterien
L I

‘ B cellen

- maken antistoffen > fagocytose

a T lymfocyten, NK lymfocyten
- killing van geinfecteerde cellen

NK




Wat is essentie van SCID (Severe Combined
Immuno Deficiency)?

4 Ve Geen functionele T lymfocyten:

- Geen normale B cel functie, en

- Infecties met:
- Virus
- Bacterie
- Schimmel / gist

D




Balans immuniteit vs ziekteverwekker /

Opportumstlsche paras1et

Hoe zwakker immuniteit bolavis



Case presentaties: /

e Pt1, 4 maanden oud

e Koorts, infecties, rash, FTT

e Diepe T cel lymfopenie

e Diagnose SCID op Ift 4 maanden

e Overleden ttv HSCT (stamceltransplantatie) traject aan virale reactivaties

e Pt 2, 15 week post-partum

e Rash, schilferig eczeem achtige huidontsteking
e Grote lever en milt

e Na 3 weken diagnose Omenn —rag SCID

e HSCT met succes



The Boy in the Bubble — New York Times /

https://www.nytimes.com/video/us/100000004077071/the-boy-in-the-
bubble.html
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Severe Combined Immunodeficiency (SCID)
incidentie - pathofysiologie

e meest ernstige primaire immuundeficiéntie (PID)

afwezigheid van functionele T cellen + afwezigheid/dysfunctie B cellen

* |nfecties

* teveel Klassieke SCID
Overlijden < 12 maanden indien onbehandeld
Medical Emergency

* telang
* bijzondere plaatsen

* bijzondere verwekkers Atypische varianten van SCID

* Eczeem, lymfadenopathie, auto-immuniteit Minder ernstige vormen van SCID

 Diarree, slecht groeien (failure to thrive) Lastige — late diagnose

 Soms: dysmorfe kenmerken Overlijden pas later, 2-20 jr

SCID (ypi ez )
CID (typisch) (2 ) Omenn szndroom (e 1) Late onset SCID \@ @y
Lymfadenopathie - Lymfopro‘ifera!i .............. . <
/ Erythrodermie (EBV) / L
(Opportum'stische) v'nfech'es (Opportunfsh'sche) v'nfech'es X o\ (Opportum'sh'sche) infecﬁes /
Ty Hepatosplenomegalie \ N e
i | | W , - | U / .
Diarree . R ’ ASY, -\\ Diarree . \\ Inflammatie ...« i :\
Huidafwijkingen “\ ,,> Verhoogd IgE W\ ’/" Y, Cytopenie | )
BCG-itis \\\\ N S/ Failure to thrive \ Auto-immuniteit \
Failure to thrive |/ N\ AN Failure to thrive

Severe Comb




Welke diagnostiek wordt momenteel in NL verricht
bij SCID verdenking?

1. Herkenning ...

2. Bevestiging diagnose:
. Flow cytometrie van lymfocyten
*  Antistof metingen (specifieke immunoglobulines)
. Functionele testen van lymfocyten, stralingsgevoeligheid
. Genetica:

=  Erzijn > 20 genen oorzakelijk betrokken bij SCID

=  Losse gen bepalingen en NGS panel diagnostiek




Severe Combined Immunodeficiency (SCID)
pathogenen

klinisch probleem frequente verwekkers

persisterende virale noro-, rota-, astro-, adenovirus
gastro-enteritis

persisterende virale RS-, para-influenzavirus, CMV
(lagere) luchtweginfecties

pneumocystis jiroveci
pneumonitis

recidiverende/hardnekkige
candidiasis

achterblijvende groei
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Severe Combined Immunodeficiency (SCID)
In NL: incidentie - pathofysiologie

T-cell deficiencies
63 (8%)

incidentie Nederland: ~1:63.000
(periode 1998 — 2013)?

‘ Predominantly

PID

Unclassified
immuno-
. deficiencies
multipele gen defecten 31 (4%)
Autoimmune and
immune
dysregulation
syndromes
32 (4%)

Complement
deficiencies
11 (2%)

Other well-
defined PIDs
69 (9%)

Defects in innate
immunity
4 (1%)

ERAG1

Phagocytic
disorders
83 (11%)

mRAG2

mADA

mILZRG
W Artemis
EPNP
mIL7R

W Others
W Unknown 1. Jonkman-Berk et al. J Clin Immunol 2015

2. De Pagter et al. Eur J Pediatr 2015
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Incidentie / outcome Nederland 1998 - 2012

=] =Y ] =] ™ [ o

Numbers

Numbers of SCID / Year (n=43)

y

SCID patients

De Pagter et al, Eur J Pediatrics 2015

N=43
No curative HSCT Treatment Gene Therapy
treatment N=32 N=2
N=9
Deceased Deceased Survivor Survivor Deceased
N=9 N=8 N=24 N=1 N=1

« Overall mortaliteit: 18 / 43 patiénten
« Verhoogde mortaliteit vooral bij patiénten met infecties



Severe Combined Immunodeficiency (SCID)
behandeling - stamceltransplantatie

e curatieve optie = allogene hematopoietische stamceltransplantatie

HSCT hoe werkt dit?

Patiént voorbereiden, cq. conditioneren (restant afweer
verwijderen: met serotherapie en chemotherapie)

Stamcellen van gezonde donor toedienen aan patiént
Stamcelbron: navelstrengbloed, beenmerg, bloed

Rijpen uit tot normaal functionerende afweer
Mainstay behandeling momenteel:

e Curatief
* Voor (bijna) iedereen beschikbaar
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Severe Combined Immunodeficiency (SCID)

behandeling - stamceltransplantatie

y

e curatieve optie = allogene hematopoietische stamceltransplantatie

Stem cell Cured
engraftment patient
Conditioning '.
}
. /A sa
a ? Toxin i
Y S
Autologous
transplant -
— 2} ]
. Transplant =
All patients candidate
selection —
] Stemn cell
harvest
Stem cell Cured
engraftment patient
’ Conditioning S '
el " A Il
—. ™ —@e— N
Allogeneic T?d: s
transplant » >

Commonly referred to as "bubble boy” diseas¢

SCID, gets its moniker from David Yetter, a Donor
boy who lived out his 12 years of life in a ‘
germ-free plastic bubble. i

/
Stem cell a4
harvest '

Risico’s en complicaties

* infecties

* matching (HLA) -
beperkte donorkeuze

* chemotherapie -
toxiciteit

* graft versus host ziekte
(GvHD)

* traag immuunherstel,
langdurig verminderde
afweer
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Severe Combined Immunodeficiency (SCID)

tie

y

behandeling - stamceltransplanta

e curatieve optie = allogene hematopoietische stamceltransplantatie”®

behandeling van infecties (en andere problematiek)

e preventie: antibiotische profylaxe, substitutie immuunglobulines, leefregels

Comparison of outcome in proband and sibling cohort

e vroege diagnose belangrijk!

N

Probands
n=_45

Death before
HSCT
n=17

%0 mortality

Progress to
HSCT
n=31

@
S

Avoor ADA SCID evt enzymtherapie
Avoor sommige gendefecten evt. gentherapie

Deaths after
HSCT
n=12
389%

Overall mortalityfsurvival:

29/48 (60%:) (40%)

Death before Progress to
HSCT HSCT/GT
n=1 n=59
e mortality
k.
Deaths after
HSCT/GT
n=5

Overall mortalityvisurvival:
6/60 (10%) (90%)

Brown et al. Blood 2011

Severe Combined Immunodeficiency (SCID)
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Severe Combined Immunodeficiency (SCID)

behandeling - stamceltransplantatie

e vroege diagnose belangrijk!
e hielprikscreening — TRECs (‘thymus output’)

SCID Newborn Screening: Current Status of Implementation Map

KRECs / pl

B Screening
Il Filots and Planning in 2016
Mot Screening

As of March 3, 2016

Severe Combined Immunodeficiency (SCID)
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Leeftijd waarop SCT & infectie ja/nee

1.0 Age <3.5 mo
- /
; 0.8 Age >3.5 mo,
g infection resolved
& 0.6 — before transplantation
= -
E‘ 0.4- Age >3.5 mo, Age >3.5 mo,
=] ) no infection active infection
-g before transplantation at transplantation
a 0.2-

0.0 T T T T T

0 1 2 3 4 5
Years

Leeftijd van 3.5 maanden > betere overleving ten opzicht van stamceltransplantatie
op oudere leeftijd
Pre-existente infecties > negatief effect op de overleving na stamceltransplantatie

Pai et al. N Engl ) Med 2014
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Wat is de outcome van behandeling voor SCID?
3 opties:

* Overlijden ttv curatief traject (meestal aan infecties / graft vs host

disease)

e Overleven met rest morbiditeit, zoals:
= Chronische graft vs host disease
= (Qrgaan, bv. longschade

= Verhoogd risico op maligniteiten, infertiliteit

* Restloos genezen met goed functionerende afweer en goede
kwaliteit van leven



Case presentaties: deel 2 /

« Sib1&Sib2
« SCID diagnose bij geboorte
« HSCT op leeftijd 2 maanden
« Long term follow up:

« Perfect




Wat zijn lange termijn perspectieven? /

Korte termijn:

* Implementatie van NBS voor SCID en andere immuundeficiénties

Middellange termijn:

* “Genetics first approach” voor immuundeficiénties die niet met NBS zijn
opgespoord

Langere termijn:
* Routine genoom analyse bij eerste presentatie

* Routine genoom analyse na geboorte
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SCID in vergelijking met andere hielprikscreening ziektes

TABLE E3. Birth prevalence of SCID and all cases of TCL in California: comparison with diseases in the Recommended Uniform
Screening Panel

ACMG code Dispase MNo. of cases*® Cases per 10,000 births Motes
HEAR Hearing loss 832in 1 ¥yt 15
CH Congenital hypothyroidism (includes 1390 5.14 Salt wasting: 112 cases; virilizing:

transient and variamt)

23 cases

CF Cystic fibrosis 418 1.54

Hb 55 Sickle cell anemia 248 0917

CAH Congenital adrenal hyperplasia {all 158 (.584
forms)

GALT Galactosemia (classical/Duoarte) 156 0577 Classical: 29 cases; Duarte:

127 cases

s IR ikicocaa pA8 e ]

I'CL TCL (<1500 T cells/pl. and/or 50in 2 y} 0.503 SCID and non-SCID, including
abszent naive T cells) preterm alone {incidence 1/

19,900)

MCAD Medium-chain acyl-CoA 126 0.466
dehydrogenase deficiency

BIOT Biotinidase deficiency (partial/ 84 0.310 Partial: 44 cases: Profound: 39 cases
profound)

Hb 5/BTh Hb&/B-thalassemia (B /8" 72 (0.2066 B7: 59 cases; B™ 13 cases

PKU Phenylketonuria (9 0.255

3-MCC 3-Methylcrotonyl-CoA carboxylase 67 0.248
deficiency

VLCAD Very long-chain acyl-CoA 41 0.152
dehydrogenase deficiency

MUT Methylmalonic academia (mutase 39 (.144 mut : 20 cases; mut": 19 cases
deficiency) (mut /mut")

SCID disorders Requiring curative treatment by 15in 2 yi 0.133 Typical and leaky SCID, Omenn
HCT, enzyme replacement syndrome, complete DiGeorge
{adenosine deaminase deficiency), syndrome (incidence 1/66,250
gene therapy, or thymus births)
transplantation

cUD Carnitine uptake defect 34 0.126

GA 1 Glutaric acidemia type [ a2 0.118 Kwan, JACI 2014 - California

B



Immunologische interventies na abnormale
TREC bevinding

| Severa immune
16 deficlency
14
28 Syndromes
[ Sacondary
| . 1o other
Lol Typical conditions
E i SCID DiGaarge Preterm
‘Variant
% L SCID / CID Cordiac | |aw <ssog
z
i Trisomy Gasiro-
Leaky 21 inlestinal <§00g
2 F sCID - Fiydropic
o DuGEagrge i Ciher <1250g
Immune restoration:
hematopoistic cell or r
thymus transplant.
gene or ADA therapy
Immunoglobulin
infusions v v {"r}
Prophylactic
anfibiotics v 4 )
Avoidance of
infectious exposures s v v 4 s
Transfusion
precautions v v v d d
Withhalding of live
i s v / , /
Follow-up by an
munologest v v v v/ v

PRS- Kwan, JACI 2014 - California



Severe Combined Immunodeficiency (SCID)
behandeling - gentherapie

e curatieve optie = allogene hematopoietische stamceltransplantatie

e nieuwe ontwikkelingen: gentherapie

SCID: monogenetische aandoening

celpopulatie toegankelijk (hematopoietische stamcellen)

gen transfer middels virale vector mogelijk

* procedure: stamceltransplantatie

Harvest HSC 7T Re-infuse cells
Voordelen gentherapie l Administer
* autologe setting (mildere ~ cytoreduction

conditionering) — bij ontbreken van & <
gematchte donor
* geen risico graft versus host ziekte / & \p
Nadelen gentherapie N =
* Experimenteel
* Mutagenese

* Beperkt aantal ‘genen’ waarvoor dit
kan

Saftey

clinical outcome
gene frequency
O gene expression
Vs "~"’,/' integration site

Isolated CD34+ cells
add or fix gene
formulated cells
certify
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Severe Combined Immunodeficiency (SCID)
behandeling - gentherapie

e enige curatieve optie = allogene hematopoietische stamceltransplantatie

e nieuwe ontwikkelingen: gentherapie

e voordelen
* autologe setting (mildere conditionering) — bij ontbreken van gematchte donor
e geen risico graft versus host ziekte

Harvest HSC \—\~—£ Re-infuse cells

l Administer
~ cytoreduction

Saftey
4 clinical outcome
—
N ,:\\ gene frequenf:y
A R _gene expression

~\ " integration site
&" A J

add or fix gene
formulated cells

certify
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N.B. Alle afwijkende

verwijzing binnen
1 week

Stap 1:

fenotypering

h 4

. Stap 2: - Vitsluiten maternale T
o ‘ cellen
Stanr:fr:llblotlca < bevestigingstest N Kionalieit
R J indien (fenotypering, T cel indien T cel - Ronaite
% afwijkend proliferatie) normaal -CMV PCR

indlien
afwijkend
h 4

Stap 3:

genetische analyse dmv
SCID+ panel

uitslag binnen 2-4 weken | W
geen genelische genelische

diagnose diagnose

A 4

Uitsluiten Bij indicalie: start

transplantatietraject

Y

radiosensitiviteit




Why Does My Baby
Need Another

The Newbaorn Screening Program
was rot able to test your baby s
blood sample or get a valid result.
Another specimen must be collected
as soon af possible, This second
blood test is called a “Newborn
Screening repeal fest.”

California

Department of
Public Health

Why Does My Baby Meed A
Mewborn Screening Test?

Muost babies are healibyy when they are bom
Some babies who look beshby at bisth have
certain discases that can cause senous health
problems withowt treatment. [F we find this
out exrly, we can prevent serious health
problems like mental retardation, serous
infections or death. MNewbom screening cam
fimd many of these discxses.

Why Does My Baby Meed A
Repeat Test?

Heforo you left the hospital, a fow drops

af blood were teken from yoar baby™s heel

for testimg. The blood sample was sent 1o a
newborn scrocming lab, The lab was not able 1o
ot a valid resalt for all of the tests. Your baby
needs 1o have o second specimen collected ns
s00M a8 possibbe.

When Can I Get The Results?

Your baby's doctor will get the results about
two weeks afier the blocd is drawn. 11 your
by neods mare besis, you wall get a letier
or phone call. [f vou move affer the test i
dowe, make sure your baby & health care
pronider o clinic has vour new addrecs
and phane aumher

What Types Of Diseases Can Be
Found By This Test?

Newbamn screening tests for o vaniety of
inkenied discases. This includes many
different metabolic, endocrne, hemogloban,
ard immame discases, as well as cystic fboosis,
Early identification and treatment can help
prevent the serious complications that these
dhscases can have.

Why Test for Immune Diseases?
The immune systeen pratects the body

from mfoctions Babecs with this type of
inherited disease can have |5tle or no immune
system. Early reatmemi can help preveni
life-threatening miections in babies with this
discase.

While newbomn screcning can idemtify somse
immune diseases, it does ot 1est for HIV or
ANDNS.

To protect your baby's health, follow these

Important steps:

& Return to the doctor™s office or hospaial
Isboratory as instrucied and have a second

blood specimen collocted fram your babry
as soan as pasxible.

# Comtimes 1o breastheed or give infoed
fiormiala that voar decior recommended
while wahing for the resulls.

What If I Have Questions?

Call your doctor or the Mewbom Screening
Staff listed below if you have asy questions or
concerns about this repeal testing.

B e Dhacsi Sy Frogmem, ool Soredming Diopack 51D
R 1 Erpred



Why Does My Baby
Need More Testing for
Severe Combined
Immunodeficiency

(SCID)?

State law requires that all babies kave
newborn screening tests before leaving the
hospital. A few drops of blood were taken
from your baby s heel and tested for certain
diseases. This testing is being expanded to
include a rare disorder called SCID. Your
baby had a positive or guestionable result
for the SCID test. Your baby now needs more
testing as soon as possible.

California
Department of
Public Health

Newbom Screaning Branch 0 \
Genetic Disease Screening Program )
www.cdph.ca.goviprogramsinbs \

Why Does My Baby Need More
Testing?

Your baby's screening test for SCID was
positive or questionable, More testing is needed
to find out if your baby has an immune problem
related to SCID. Newbom Screening staff will
work with you and your doctor to make sure the
needed tests are done right away,

Babies can look bealthy at birth and still have
SCID or related disorders. If not recognized

and treated, these discases can cause scvere
bealth problems.

What Is SCID?

SCID stands for Severe Combined Immuno-
deficiency. It is sometimes called “bubblc boy™
disease, Babies with SCID are bormn with little
or no immune system. This means that they
cannot fight off infections, Babics with SCID
do not usually have symptoms at first, since
their mother's immune system protects them
from infections for the first few weceks of life.
Without treatment, even common infections
can be life-threatening. For that reason, it's
important that your baby have more testing

as soon as possible. [f your baby has SCID, a
treatment plan can be started to help prevent the
heaith problems it can cause.

What Other Immune System Problems
Are Detected by Newborn Screening?
Other genetic disorders of the white blood cells
called “T cells™ may be found. These are not as
scvere as SCID, but are important to find out
about and treat. Although these are immune
discases, they are not related to HIV or AIDS
and are not infectious.

How Is SCID Treated?

Currently, the most effective treatment for
SCID is a bone marrow transplant. It can
curc babies of SCID and is most effective
when done before a baby gets a severe
nfection. Other treatments can be used

in some cascs. Babics with less severe
conditions may need to receive medication.

Is SCID Common?

Although not very common, about 8 - 12
babics arc born with SCID cach year in
California.

How Will T Know My Baby's Results?
The Newborn Screening staff reports the
results to your baby's doctor. The baby’s
doctor will let you know the results.

What Should I Do Right Now?

# Return to the doctor’s office or hospital
laboratory as instructed and have a

blood specimen collected from your baby
as soon as possible,

% Make sure your baby's doctor has talked
to the Newbomn Screening Staff before

giving your baby any vaccines. The
rotavirus vaccine or other fve vaccines

arc not to be given to babics suspected
of having SCID.
What If I Have Questions?

Call your doctor or the Newborn Screening
Staff listed below if you have any questions
or concemns about this testing.
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