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Severe Combined Immunodeficiency,
SCID—Primary Target of TREC Screen

* Rare; many genes.

« Healthy at birth, but recurrent, severe infections,
failure to thrive if not recognized.

« Absentorlow T cells.
« Absent or non-functional B cells.

* High early mortality, mostly due to severe viral
infections—CMYV, adenovirus.

« Can be cured by bone marrow transplant from a
healthy matched donor (first in 1968), or
increasingly gene therapy, or for ADA-SCID,
enzyme injections.
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TREC: T Cell Receptor Excision Circle, a
Biomarker for Thymic T Cell Production

 Normal diverse T cell repertoire is made by cutting and pasting alternate DNA

sections of receptor genes
* Excised DNA forms T Cell Receptor Excision Circles (TRECs) as a byproduct.

 TRECs can be detected by PCR.
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Term male 0 TREC 473 Actin

MALE SCID 627 SCID#SZ'I
Rm°7°4 B | L REFERmNGPHvsmAN REPORTED 10/07/2016
J PUCK MD/ J CHURCHSsSTATUS DUPLICATE
TEST RESULT (* = OUT OF RANGE) UNITS REFERENCE RANGE
CBC (DIFF/PLT)
WBC 6.9* Thousand/uL 9.0-30.0
RBC 5.0 Million/uL 3.90-5.90
HGB 17.6 g/dL 13.4-19.9
HCT 54.7 42.0-65.0
MCV 108.6 88.0-123.0
MCH 35.0 31.0-37.0
MCHC 32.2 g dL 28.0-36.0
PLT gSg fgousand/uL %Sg-ggos
MPV . «5— .
RDW 17.5% 3 11.5-16.0 Low total
ae Luka Mantuliils 300, csllsiur AEMEEER | | moh
solute L ocytes cells/u -

Absolute Mgggcytgs 2600* cells/ul 300-2400 ymp (3cytes
Absolute Eosinophils 300 cells/ul 15-800
Absolute Basophils 0 cells/ul 0-250
Neutrophils 38.0 %
Lymphocytes 18.7 %
Monocytes 38.4 %
Eosinophils 4.7 %
Basophils 0.2 %
CD3 T-Cells, Absolute 78* cells/ulL 2500-5500 T-
CD3 T-Cells, Percent 6* % of lymphocggeg4
CD4 T-Helper, Absolute 65* cells/ul 1600-4000
CD4 T-Helper, Percent 5* %of lymph ocyggss4
CD8 T-Cytotoxic, Absolute <20* cells/ul 560-1700
CD8 T-Cytotoxic, Percent 1* 3 1ymphocytel2 -
CD19 B-Cells, Absolute = 364 cells/uL 300-2000 B+
CD19 B-Cells, Percent 28 % of lymphoc tgg
CD16/56 NK-Cell, Absolute % 741 cells/ul 170-1100 NK+
CD16/56 NK-Cell, Percent 57* % of lymphocxtgg
CD4/CD45RA, Absolute %<zo* cells/ul 1200-3700 ¥
CD4/CD45RA, Percent S+ "% of CD4 Cells _ No naive T
CD8/CD45RA, Absolute ——3 <20* cells/uL 450-1500 cells
CD8/CD45RA, Percent 20* % of cCD8 Cel%g -
CD3/CD4/CD45RO, Absolute 43* cells/ul 60-900
CD3/CD4/CD45RO, Percent 55* % of CD3 Ce1%522
CD3/CD8/CD45RO, Absolute <20* cells/uL 30-330
CD3/CD8/CD45RO, Percent 1

$ of CD3 Celis




SCID Definition

“Classic” SCID pre-Newborn Screening:

e No T cells; no specific antibody, failure to thrive, thrush,
recurrent infections.

New definition with screening needs to be based on lab values:

e “Typical” SCID: <300/ulL autologous T cells; <10% of normal
proliferation to mitogens such as PHA; no production of
specific antibodies. Proven with null mutation(s) in known SCID
gene.

e “Leaky” SCID (includes Omenn syndrome): 300-1500 T cells or
more, but low to absent naive CD45RA T cells, impaired PHA,
hypomorphic mutation(s) in SCID gene.
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mmune Deficiency

Consortium (PIDTC)

>40 USA, Canadian and European Centers
from 2009; uniform data collection

Retrospective Study 6902:
Cross-sectional evaluation

Prospective Study 6901

Natural history, observational

|dentify factors affecting outcomes of HCT,
ERT, or GT

”QO Primary Immune Deficiency
@ Treatment Consortium



5 year survival for Typical SCID depends
more on infection than age at HCT

1.0 R age at HCT <3.5m
= 08 N g e e
g . >3 5m |nf resolved
> .
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- S
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Pai et al, NEJM, 2014 371:434-46.

|« >3.5 months with active

infection worse than any other
group.
e <3.5 months and >3.5 months

with no infection had best
survival;

 >3.5 months with infection
resolved same as <3.5 months
or uninfected.

O Primary Immune Deficiency
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PIDTC SCID Diagnosis by Screening

vs. Infection, Family History
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Genotypes of Typical and Leaky SCID

Reports from Transplant California, with
Centers, no Screening TREC Screening
Duke University, European 3% years, 1.7 x 106 infants

centers (estimates)

Unknown 3%

RAG2 1%

DCLRE1C 5%

RMRP 1%
TTC7A 1A>

RAG1
1%

Overall Survival Overall Survival 94%
~74%



4 Years of California SCID Newborn
Screening (2010-2014)

2 million infants

Leaky SCID
screened. 3%
Idiopathic
255 flow cytometry TCL/Variant

SCID

2"d tier tests. 4%

(1/8,000 infants)

109/255 had <1500 T
cells/uL (43%).

1/55,000 Typical and
Leaky SCID.

1/180,000 Idiopathic
T Cell Lymphopenia

Normal T

cells by
flow
57%
Secondary
5%
Preterm

6%




Non-SCID Conditions with Low TRECs

Multisystem syndromes with variable T cell deficiency
57% DiGeorge/chromosome 22q11.2 deletion
15% Trisomy 21
3% Ataxia telangiectasia
2% CHARGE syndrome, and many more...

Secondary T lymphopenia
25% Congenital cardiac anomalies
38% Other congenital anomalies
13% Vascular leakage, third spacing, hydrops
3% Neonatal leukemia
3-5% Maternal immunosuppressive medications

Extreme preterm birth — T cells become normal over time

Idiopathic T lymphopenia — few or no naive T cells, no maternal
cells; when solved move to correct category



Preterm Low Birthweight Infants with Low TRECs and T Lymphopenia
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Idiopathic T Lymphopenia (Variant SCID)

Persistently low T cells and TRECs, low naive
CD45RA T cells, no maternal engraftment.

No known SCID gene mutation.
Impaired T cell and/or antibody responses.

When an etiology is found, case is moved to the
appropriate category.



— DL r N %ﬂmmune Evaluation
Collection --Shlppm — BEL ee[IMS Varies by State
systems
. .(E'?:r;egr:) ) .th eratin ) ‘Efﬁuired Flow cytometry in NBS Program
e Timing Sh|pment g hours ‘_- eliminates half of cases!
\ ) Data Entry

For SCID, direct hospital admit
Critical Pursue genetic cause
Evaluate donors for transplant
Lab * Communicate J Protect from infectious exposure
Processing/ | results Diagnosis CMV & breastfeeding
— Testing Confirmed Hospitalization, isolation

All Results K ¥ ¢ *Evaluate Transfusion precautions
Antibody infusions

seoA/ac newborn | |ntervention
eeAlgorithms e eCommunicate Initiated Antimicrobial prophylaxis
e e Assays results

For T cells <1500 do outpatient
workup

Physical exam: syndrome?
Repeat lymphocyte subsets
Antibody levels

PHA proliferation

\No live vaccines

\* *Confirmation |




Non-normal TREC newborn screen (or family history, clinical features)
Positive: Low/absent TRECs, normal control PCR
Incomplete (indeterminate): Low TRECs, control PCR also low on 2 samples

Initial evaluation when low T cells suspected:
CBC/differential; CD3 T cells, CD4 helper & CD8 cytotoxic
T cell subsets, % of CD45RA naive CD4 & CDS8 T cells;

CD19 B & CD 16/56 NK cells

No intervention if:
>1500 T cells, =200
naive CDA4 T cells
present

SCID: Generally characterized by low T cells, @n-SCID T cell lymphopenia: Low T cells lb

<200 naive CD4 T cells some naive CD4 T cells*, typically normal T cell
#* Typical SCID <300 autologous T cells/uL proliferation to PHA, and other physical features
¥ Leaky SCID** > 300 autologous T cells/uL #* Syndrome with variable degree of low T cells
¥ Secondary T lymphopenia due to another
& condition (e.g. T cell loss, heart surgery, preterm

Management: Admit to hospital isolation \ birth)

room; avoid infections; give IgG infusions & * Idiopathic T cell lymphopenia*** (formerly
prophylactic antimicrobials. To confirm SCID, @ed Variant SCID)

assess proliferation to PHA, maternal

engraftment, gene sequence ¢

Definitive treatment: Establish functional
immunity by allogeneic hematopoietic cell
transplant, autologous ADA enzyme therapy or

ADA or IL2RG gene therapy /

Management: Perform history, exam, &
immune & genetic tests. Provide medical
support according to diagnosis established

*Variable can be < 200 naive CD4 T cells.**Omenn syndrome is a form of leaky SCID with rash; eosinophilia; autoreactive, oligoclonal
T cells; and variable CD3 T cell count which can be >1500. ***Some infants never leave this group but some move out of this category
when other diagnoses are made. These infants need to be followed over time.

Dorsey et al. JACI 139:733-42, 2017



Initial Evaluation

Lymphocyte subset analysis (including CD45RA/RO T cell enumeration); if >1500 T cells/uL and > 200 naive CD4 T cells present no
further immune workup is indicated within the SCID newborn screening context

IgG, IgA, I1gM, IgE/Lymphocyte proliferation to PHA/Maternal engraftment studies/CMV PCR/HIV DNA PCR/ SNP array (22g11

deletion syndrome)

Initial Treatment

If CD4 CD45RA T cell populations present* and at least 30% responses to PHA in CD45 population then can use home isolation
and no live vaccines

Consider antibiotic and PJP (for very low CD4 lymphocytes) prophylaxis
Consider IgG replacement therapy

/
T cell lymphopenia with no syndromic features

T cell lymphopenia with congenital anomalies ‘L

3 month evaluation

‘L Lymphocyte subset analysis (including CD45RA/RO

T cell enumeration)
Gene sequencing; whole exome sequencing 7 month evaluation
Alpha fetoprotein level to screen for Ataxia
Telangiectasia

‘1, IgG, IgA, IgM, IgE

Lymphocyte subset analysis (including CD45RA/RO
T cell enumeration

Repeat lymphocyte proliferation to PHA

Other directed functional or genetic studies

Etiology identified, move to appropriate category
and treat according to established diagnosis

*Variable can be <200 naive CD4 T cells

Dorsey et al. JACI 139:733-42, 2017



Conclusions

. SCID comprises treatable, serious, immune deficiencies affecting
1/50,000-1/60,000 births. TREC screening for SCID is sensitive.

. Early diagnosis has identified more cases, saved lives, compared to
historical data.

. Incorporation of CBC/diff and flow cytometry testing into the
screening program can be effective to increase specificity.

. TREC screening also detects non-SCID conditions with low T cells,
offering clinical benefit and opportunities to study the spectrum of
disorders.

. New data suggests that infections are a problem for newborns with
SCID despite screening, particularly CMV transmission from
breastfeeding.
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