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What are Inborn Errors of Immunity (IEI)?
Rare Monogenic (Single-Gene) Disorders of the Immune System
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Inborn Errors of Immunity (IEl): Clinical Heterogeneity
Diverse Spectrum of Clinical Phenotypes
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Adapted from Ng et al., 2023



IEl: Genetic and Molecular Heterogeneity
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Inborn Errors of Immunity (IEl): Different Functional
Outcomes One Gene, Many Phenotypes

Severe Combined
ImmunoDeficiency (SCID)
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IEl: Genetic and Molecular Heterogeneity
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What is the Problem that we want to Solve in IEI?
From Scientists Perspective: Dissect Mechanism
From Patients Perspective:

Shorten the Long Diagnostic Odyssey ...
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Why Do We Need & Care To Solve This Problem in IEI?

Efficiency of Diagnosis = Improved Survival

Hematopoietic Stem Cell Transplant (HSCT)
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Why Do We Need & Care To Solve This Problem in IEI?

We don’t just want our Patients to Survive ...
We Want them to Thrive

Efficiency of Diagnosis + Precise Therapy =
Improved Survival & Quality of Life

Precision Medicine = Personalized Pathway-Specific Therapy

The goal of precision medicine is to treat the right patient with
the right treatment to at the right time



IEl: Genetic and Molecular Heterogeneity
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How do we Find “The Right Patient:”
The Traditional “Wholly Trinity” of IEl Diagnosis

Clinical Presentation
& Family History

Accurate

Clinical Immune Efficient Genetic Analysis

Diagnostic Evaluation IEI Identification of Variants
Diagnosis

Adapted from Abraham & Butte, 2021



IElI Categories Based on Clinical Phenotypes
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IElI Categories Based on Clinical Phenotypes

(Severe) Syndromic Predominantly Immune
Combined Combined Antibody Dysregulation
Immunodeficiency Immunodeficiency Deficiencies Disorders

Phagocyte Autoinflammatory Complement

Defects Diseases Deficiency
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Failure Phenocopies




‘Boy In the Bubble’ Moved a World He Couldn’t Touch
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Severe Combined Immunodeficiency (SCID)

* Incidence of approximately 1 in 50,000 births

 Defects of cellular and humoral immunity, with the hallmark of
a severe deficiency of T cells

* Collection of individual primary immunodeficiency diseases

* Although typically appearing normal at birth, infants are at risk
for life-threatening infections

» Correctable by hematopoietic stem cell transplantation
(HSCT), enzyme replacement therapy, and/or gene therapy
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T Cell Development
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Severe Combined Immunodeficiency
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SCID Genetic Etiologies: What is the Lymphocyte Phenotype?
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SCID Genetic Etiologies: What is the Lymphocyte Phenotype?
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SCID Genetic Etiologies: What is the Lymphocyte Phenotype?
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Artificial Thymic Organoids (ATO) as
a Reliable Diagnostic Tool for Patients with

Undifferentiated (Severe) Combined Immune
Deficiency (SCID and CID)

Artificial thymic organoid (ATO) system
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Artificial Thymic Organoids (ATO) as
a Reliable Diagnostic Tool for Patients with

Undifferentiated (Severe) Combined Immune
Deficiency (SCID and CID)

THE ATO SYSTEM IDENTIFIES THE T CELL DEVELOPMENTAL STAGE AFFECTED IN PATIENTS WITH T-CELL
LYMPHOPENIA AND DISTINGUISHES BETWEEN HEMATOPOIETIC-INTRINSIC AND EXTRINSIC DEFECTS
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Primary & Secondary Defects of the Thymus
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Genetic Etiologies of Congenital Athymia and
Impact of Embryogenesis

3rd PP patterning and organogenesis o TEC development - TEC function

Del22q11.2, TBX1, TBX2, Del10p13-14, Del2p11.2 (FOXI3)
CHD?7, PAX1, RA/ diabetic embryopathy

FOXN1
Crosstalk defects

AIRE

Kreins et al., Semin Immunopathol, 2021



Thymus Implant:
Lymphostromal Crosstalk in Thymic Grafts
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Congenital Athymia:

Rethymic® FDA Approved October 2021

The engineering process

Unlike a transplant, RETHYMIC is engineered
for one patient at a time through a complex
process using donor thymus tissue®®

A & . .
& : }% Donation of thymus tissue

When an infant <9 months of age undergoes cardiac
surgery, some thymus tissue may need to be removed

to access the heart. With consent of the infant donor’s
parents or guardian, the thymus tissue is donated and
undergoes extensive testing to determine the viability
and safety of the tissue for making RETHYMIC.®

Unlike many other medications or specialty biologics,
RETHYMIC is not an off-the-shelf product. The thymus
tissue from a single infant donor allows for the
manufacturing of RETHYMIC for one patient.!

The availability of RETHYMIC is largely dependent on the

size and viability of the thymus tissue that is donated.®’

EZ % Development of RETHYMIC

The time the engineering process takes depends on multiple
factors and can be completed between 12 and 21 days.”

RETHYMIC is engineered in a dedicated environment
that follows strict FDA requirements. The manufacturing
personnel have been extensively trained on proper safety
protocols to maintain a sterile environment and avoid
cross contamination.

The engineering process requires manufacturing personnel

to manually change the media, preserving thymic epithelial
cells and tissue structure while depleting most of the donor
thymocytes. During this time, the donor thymus tissue

goes through multiple rigorous tests—some of which are
repeated—to ensure the product meets FDA safety standards.*’

QRETHYMIC@’

allogeneic processed

@ Implantation of RETHYMIC

The dosage is determined based on the total surface area
of the RETHYMIC tissue slices, and the amount implanted
is calculated based on the recipient’s BSA.*

Once released from the manufacturing facility, RETHYMIC
must be implanted within a limited time frame at the
treatment center.”

Careful coordination of the engineering of RETHYMIC

must coincide with the preparation of a potential patient
to receive the product.’”

thymus tissue-agdc




Figure 1: Preparing for the Implantation Procedure Figure 2:  Surgical Incision and Opening of Fascia

Figure 3: Implant Individual RETHYMIC Slices Figure 4: Close the Site of Implantation




Congenital Athymia: Immune Reconstitution
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Thymus Implant: Future Directions

Approach Standard thymus Engineered thymus using a natural scaffold seeded Engineered thymus using a natural scaffold
transplantation with with expanded TEC progenitors seeded with gene-corrected iTEPCs
cryopreserved thymus tissue

ADVANTAGES -Improved treatment logistics -Generation of large amounts of human thymus tissue -Autologous procedure
-Potential for partial tissue type -Potential for partial tissue type matching with possibly -Expected reduced autoimmunity
matching with possibly reduced reduced autoimmunity
autoimmunity
CURRENT Pre-clinical Pre-clinical Pre-clinical
STATUS Mouse model (147) Mouse model (35) Mouse model (149)
Frozen & thawed human thymus  Seeding of natural decellularized ECM with human thymic ~ Small RTOCs containing (control) human iTEPCs
tissue supporting murine T-cell stromal cell progenitors by whole-organ perfusion; mixed with mouse embryonic fibroblasts; supporting
development upon transplantation  supporting human T-cell development upon transplantation limited murine T-cell development upon
into nude mice into humanized NSG mice transplantation into nude mice

Kreins et al., Front Immunol, 2021



Thymus Implant: Promoting Transplantation Tolerance

Absent or
hypoplastic
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FIG 2. Schematic figures summarizing the steps in the process of implantation of CTT for DiGeorge
syndrome and potential heart transplantation. ATG, Antithymocyte globulin.

Fitch et al., J Allergy Clin Immunol, 2022



IElI Categories Based on Clinical Phenotypes

(Severe) Syndromic Predominantly Immune
Combined Combined Antibody Dysregulation
Immunodeficiency Immunodeficiency Deficiencies Disorders

Phagocyte Autoinflammatory Complement

Defects Diseases Deficiency

Bone Marrow

Failure Phenocopies




(D Disorders with multiple autoimmunity

Defect in Treg number/function
Defect in central tolerance mechanisms
Peripheral lymphocyte expansion

@ Immune Dysregulation with colitis

Defective IL -10 signaling causing unchecked T cell
activation in the gut

3 Disorders with HLH and/or EBV Susceptibility

Deficiency of lymphocyte cytotoxic activity leading to
lymphocyte proliferation and macrophage activation

@ Autoinflammatory syndromes
Hyperactivation of antigen -independent inflammatory
pathways (i.e. inflammasome)

® Type 1 Interferonopathies
Upregulation of type 1 interferons

® Disorders of sterile inflammation
Varied mechanisms

Nelson & Baloh, 2024



« Syo girl with previous diagnosis of Common Variable ImmunoDeficiency
(CVD). For the past 3-4 months she has had large cervical and inguinal
lymphadenopathy and splenomegaly, bloody stools, on/off fevers

 History of recurrent pneumonias, hypogammaglobunemia, mild T cell
lymphopenia, currently on IVIG

* Mother says she sleeps poorly and stops breathing sometimes, and has
many URIs

» History of positive EBV and CMV PCR in blood
* Previous lymph node biopsy was negative for malignancy

* No increased number of double negative T cells



The Issue is In the Tissue

Lymphoid Predominance of T follicular
Hyperplasia helper (Tfh) cells in Gl Tissue
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Lucas et al 2014, Hatzi et al, 2015



PI3 Kinase Catalytic Subunit p1100 GOF result in
T cell Senescence and Human Immunodeficiency
Activated PI3K Delta Syndrome (APDS)

Whole Exome Sequencing of 3 kindreds
« Sinopulmonary infections

 Lymphadenopathy

* Nodular lymphoid hyperplasia

* Viremia with EBV and/or CMV

« Deficiency of naive T cells but over representation of senescence
effector T cells

* In vitro: T cells from patients exhibited increased
phosphorylation of kinase Akt and hyperactivation of mTOR
- Gain-Of-Function (GOF) mutation

Lucas et al, 2014



Back to our Patient

* Whole Exome Sequencing demonstrated a new PI3K

p1106 mutation — new phenotype with Tth predominance
(2015)



Immune Cells Are Regulated By
Phosphoinositide 3-Kinases (PI3Ks)

‘ PI3Ks ‘

Growth ‘ ‘Metabolism Differentiation Proliferation Motility ‘ ‘ Survival

Catalytic Regulatory

PIP, phosphatidylinositol 4,5-bisphosphate; PI1P;, phosphatidylinositol 3,4,5-trisphosphate.
Fruman DA, et al. Cell. 2017;170(4):605-635.



Balanced Signaling In The PISKd Pathway Is Essential
For Growth, Cognition, And Healthy Immune Function

01105 | _ A o Fine-tuning of
v e Catalytic p1106  Regulatory PI3K3 activity

PKB

' PI3K®
D=

development of B

Primarily Ubiquitous
< . : and T cells,
FOXOUN. mTOR _ S  expressedin @ expression
— Q immune normal growth
Growth Survival & ° Py
Proliferation Differentiation ‘\66(0 system and cognltlve
y \0® development1:2:4-6
[ ) ] ‘el{k %
- -

FOXO, forkhead box O; mTOR, mammalian target of rapamycin; PDK1, phosphoinositide-dependent protein kinase 1; PI3Kd, phosphoinositide
3-kinase 0; PIP, phosphatidylinositol 4,5-bisphosphate; PIP;, phosphatidylinositol 3,4,5-trisphosphate; PKB, protein kinase B.



APDS1 And APDS2 Result In PI3Kbd Pathway
Hyperactivity And Altered Immune Function

[1,3-6]

Catalytic p1100 Regulatory p85a
subunit subunit

2.

p1105

r } PI3Kb
p85a 7

]
AKT/
PKB

SFOXO N mTOR J N
— &

A S Q

GOF mutation in LOF mutation in the

the PIK3CD gene PIK3R1 gene
Hyperactive PI3Kd pathway

~N"

Growth Survival 0/\& APDS1 APDS2

Proliferation Differentiation e

(1,2]

-

1. Fruman DA, et al. Cell. 2017;170(4):605-635. 2. Okkenhaug K, Vanhaesebroeck B. Nat Rev Immunol. 2003;3(4):317-330. 3. Lucas CL, et al. Nat Immunol. 2014,;15(1):88-97. 5. Angulo I, et al. Science.
2013;342(6160):866-871. 5. Lucas CL, etal. J Exp Med. 2014;211(13):2537-2547. 6. Deau MC, et al. J Clin Invest. 2014;124(9):3923-3928. 7. Coulter TI, et al. J Allergy Clin Immunol. 2017;139(2):597-606.
8. Elkaim E, et al. J Allergy Clin Immunol. 2016:138(1):210-218. 9. Petrovski S. et al. J Clin Immunol. 2016:36(5):462-471. 10. Tanqgve SG. et al. J Clin Immunol. 2019:39(2):148-158.



Hyperactive PI3Kd Alters Immune Cell Phenotypes

1-4 1-4
T cells B cells Common Symptoms of APDS?23

Severe, Recurrent,

I Persistent Infections:
— » Sinopulmonary
* Herpesvirus (especially
EBV and CMV)

]o o Lymphoproliferation:
\ * Lymphadenopathy
-30 ° + Splenomegaly/hepatomegaly

B cells (CD19%)
Transitional B cells rﬁ

l Memory B cells

< Inverted CD4*/CD8" ratio Defects in c!ass_—swﬂch * Autoinflammatory disorders
recombination l

t Follicular T helper é a Bronchiectasis

Total CD8* skewed to Tew/ Tenra 0
- 1. Lucas CL, et al. Nat Immunol. 2014;15(1):88-97.
2. Coulter Tl, et al. JAllergy Clin Immunol. 2017;139(2):597-606.

3. ElkaimE, et al. J Allergy Clin Immunol. 2016;138(1):210-218.
4. Jamee M, et al. Clin Rev Allergy Immunol. 2020,59(3):323-333.

* Nodular lymphoid hyperplasia

» Effector memory CD8*

Enteropathy

Autoimmunity:
o, + Cytopenias
* Autoimmune disorders




Hyperactive PI3Kd Alters Immune Cell Development

Senescent T effector cells'4

Elevated circulating transitional B cells'

Increased infections
Autoimmunity
Lead to lymphadenopathy?3-°

APDS was known as PASLI because
GOF of p110&-activation leads to

« Senescence of T effector cells

* Lymphadenopathy, and

* Immunodeficiency

Impaired generation of
memory B cells

Outcomes of Hyperactive PI3K523

Immune deficiency and dysregulation, lymphoproliferation, autoimmunity, cytopenias

APDS, activated phosphoinositide 3-kinase & syndrome; GOF, gain-of-function; PASLI, p1106-activating mutation causing senescent T cells, lymphadenopathy, and immunodeficiency; PI3K&

phosphoinositide 3-kinase 6.
1. Lucas CL, et al. Nat Immunol. 2014;15(1):88-97. 2. Coulter Tl, et al. J Allergy Clin Inmunol. 2017;139(2):597-606. 3. Elkaim E, et al. J Allergy Clin Inmunol. 2016;138(1):210-218

4. Jamee M, et al. Clin Rev Allergy Immunol. 2020;59(3):323-333. 5. Maini R, Nagalli S. In: StatPearls Internet. Treasure Island, FL: StatPearls Publishing; 2021-.



PI3K® Hyperactivity Alters Immune Phenotypes,
Leading To APDS Symptoms

Common Symptoms of APDS*5
Excess of immature Deficit of Severe, Recurrent,
or senescent cells functional cellg'

Persistent Infections:
+ Sinopulmonary

* Herpesvirus (especially

Hyperactive EBV and CMV)

PI3Kd activity

< Lymphoproliferation:
' A * Lymphadenopathy
o + Splenomegaly/hepatomegaly
i {\\&Zs/ ]» e * Nodular lymphoid hyperplasia
D =

% Enteropathy

Autoimmunity:
+  Cytopenias

Growth Survival
Proliferation Differentiation

[1.2] - * Autoimmune disorders
’ * Autoinflammatory disorders

1 CD8+ effector/memory T cells | Naive and CD4+ T cells l
1 CD8+ T cell senescence | Memory T cell function Bronchiectasis
U Inverted CD4+/CD8+ T cell ratio | B cells (lymphopenia)
1 Transitional B cells | Memory B cells

< or 1 IgM « or | IgG/IgA )

'\ Lymphoma

APDS, activated phosphoinositide 3-kinase & syndrome; CMV, cytomegalovirus; EBV, Epstein-Barr virus; FOXO, forkhead box O; Ig, immunoglobulin; PDK1, phosphoinositide-dependent protein kinase 1;
PP, phosphatidylinositol 4,5-bisphosphate; PIP3, phosphatidylinositol 3,4,5-trisphosphate; PI3K®, phosphoinositide 3-kinase &; PKB, protein kinase B.

1. Fruman DA, et al. Cell. 2017;170(4):605-635. 2. Okkenhaug K, Vanhaesebroeck B. Nat Rev Immunol. 2003;3(4):317-330. 3. Lucas CL, et al. Nat Immunol. 2014;15(1):88-97. 4. Coulter TI,
et al. J Allergy Clin Immunol. 2017;139(2):597-606. 5. Elkaim E, et al. J Allergy Clin Immunol. 2016;138(1):210-218. 6. Jamee M, et al. Clin Rev Allergy Immunol. 2020;59(3):323-333.



APDS Evolves Over Time And May Be Underdiagnosed

Timeline of the Most Common Pathologies Seen in APDS

Ages are median ages of onset, in years'-3

<1 year 3 years 5 years 10.5 years 11.2 years* 18 years
in;gi?igtns |ymphii?;9fi?eratio Enteropathy Autoimmunity Bronchiectasis Malignancy
n

Cytopenias, arthritis, or other immung dysregulation

Median age at diagnosis: 12 years
(7-year median diagnostic delay)

A careful family history may be especially useful in diagnosis. A goal of early
diagnosis and treatment is to interrupt the disease evolution’-

*In Elkaim APDS2 cohort, median age of bronchiectasis is 13, in Maccari ESID cohort median age is 11.2.
APDS, activated phosphoinositide 3-kinase & syndrome; ESID, European Society for Immunodeficiencies.

1. Jamee M, et al. Clin Rev Allergy Immunol. 2020;59(3):323-333. 2. Maccari ME, et al. Front Inmunol. 2018;9:543. 3. Elkaim E, et al. J Allergy Clin Immunol. 2016;138(1):210-218.€9.
4. Condliffe AM, Chandra A. Front Immunol. 2018;9:338.



Back to our Patient

* Whole Exome Sequencing demonstrated a new PI3K p11056
mutation — new phenotype with Tth predominance (2015)

 Rapamycin (mTOR inhibitor) treatment resulted in
improvement of symptoms (2015)

« Several PI3K inhibitors in trials: Idelalisib FDA approved in
2014 for CLL (combination therapy with rituximab), Leniolisib
(2015)
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CLINICAL TRIALS AND OBSERVATIONS

A randomized, placebo-controlled phase 3 trial of the
PI3Kd inhibitor leniolisib for activated PI3Ko

syndrome

V. Koneti Rao," Sharon Webster,' Anna Sediva,” Alessandro Plebani,® Catharina Schuetz,* Anna Shcherbina,” Niall Conlon,® Tanya Coulter,”
Virgil A. Dalm,® Antonino Trizzino,” Yulia Zharankova,'® Elaine Kulm,"" Julia Kérholz,” Vassilios Lougaris,3 Yulia Rodina,” Kath Radford,'?

Jason Bradt,'” Klaus Kucher,'* Anurag Relan,'® Steven M. Holland," Michael J. Lenardo,’ and Gulbu Uzel' 2023
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Mechanisms Impaired in IElI with Autoimmunity and
relative Therapeutic Approaches

Autoreactive clones

Azathioprine

Rapamycin

T-cell Central tolerance

mTEC

L TSA
..
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.

Cyclosporine
HSCT, IVIG
Rituximab

Alemtuzumab
Belimumab

1

|

\

Bortezomib
Epratuzumab
Inebilizumab

1l

B-cell Central tolerance

Autoreactive
clones

Autoantibodies

ﬁ\ B cell A = ’L
i * RAG1/RAG2 * BIK * : :

—

Resistance to pro-apoptotic stimuli

O

s * FAS/FASL
Lymphocyte hyperactivation
HSCT
IVIG
’\ Rapamycin
Idelalisib
Defects of regulatory compartment Leniolisib
ot Rapamycin

LYy

| @ B

y FOXP3,
Abatacept
Aldesteukin | [ e Srard
esleukin
R , RAG1/RAG2 | 114 |RBA
@amycm BTK A
Rituximab

IRF5, IRF7,
IRF8, IRAK1,

IFIH1 TYK2,
FAS,FASL, STAT4,
TNFAIP3
FADD TNIP1,
PIK3CD UBE2L3
PTPN22,

TREX1, ETS1

Giardino et al., 2023



Class MOA Drug Target
Monoclonal Depletes B-cells e Rituximab e CD20
antibodies e Obinutuzumab e CD20
targeting cell e Ofatumumab e CD20
surface epitopes e Veltuzumab e CD20
on B cells e Daratumumab e CD38
e I[satuximab e CD38
e Alemtuzumab e CD52
e Milatuzumab e CD74
Inhibits B-cell activation =~ e Epratuzumab e CD22
BCR pathway Inhibits B-cell receptor e Ibrutinib e BCR
inhibitors signaling e Idelalisib e PI3K
BCL-2 inhibitors Promotes apoptosis of e Venetoclax e BCL-
(BH3 mimetics) malignant B cells 2
Purine analogs Suppress T cells and B e Fludarabine e N/A
cells
CAR-T Suppress B cells e Axicabtagene e CD19
ciloleucel e CD19
e Tisagenlecelucel
Alkylating agents B-cell and T-cell death e Cyclophosphamide e N/A
e Chlorambucil e N/A
¢ Bendamustin e N/A
Steroids Suppress e Prednisone e N/A
immunomodulatory
transcription factors
Stem cell Conditioning treatment e N/A e N/A
transplant depletes B cells

Secondary Immunodeficiency in Hematological
Malignhancies in the Era of Modern Oncology

Shah et al., 2023
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B CELL ACTIVITY
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RHEUMATOLOGIC 57 ™

A
& < ﬂﬁl\r
oot Rlasa e Anti-dsDNA
Antibody- (SLE)
independent ACPA(RA) MPO-ANCA  PR3-ANCA
effects (MPA) (GPA) (Wegener’s

Granulomatosis)

NEUROLOGIC %

Anti-inflammatory & Pro-inflammatory Anti-MuSK, LRP4, AChR

cytokines (MS) = MG)
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- @ TeP
B Cell Plasma Cell
——___Anti-MOG IgG
Antibody- _ Lot
independent Anti-AQP4 1gG Anti-NMDAR
effects (NMOSD)  (NMDAR encephalitis)
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MALIGNANCIES V| €3
gy

A% 5 6 X g
Activated B-Cell
= CLL, DLBCL

Hodgkin’s
MCL Follicular Lymphoma, Lymphoma
Burkitt’s Lymphoma,
DLBCL (GC-type)

FDA-Approved B Cell-Targeted Therapies

Rituximab ( RA, GPA, MPA)

Ocrelizumab (MS)
Ofatumumab (MS)
Inebilizumab (NMOSD)

CD20 Targeted Therapies
Rituximab (WM, CLL, DLBCL, MCL)

Obinutuzumab (CLL)
Ofatumumab (CLL)

CD19 CAR-T Cell Therapies
Tisagenlecleucel (ALL, DLBCL)
Axicabtagene ciloleucel (DLBCL, FL)
Lisocabtagene maraleucel (DLBCL, FL)
Brexucabtagene autoleucel (MCL)

BCMA CAR-T Cell Therapies
Idecabtagene vicleucel (MM)
Ciltacabtagene autoleucel (MM)
Other B Cell-Targeted Therapies
Daratumumab (MM)

Tafasitamab (Relapsed/Refractory DLBCL)
Loncastuximab tesirine (Relapsed/Refractory DLBCL)

Elmoursi & Barmettler, JACI, 2025



Prior to initiation of B-cell
targeted therapy (BCTT):

¢ Baseline immunoglobulins
and B cell flow cytometry

¢ Ensure appropriate
vaccinations

s cemmtle
) *;, {,’_ N -~ ‘x‘/‘,t.
B X
v
IMMUNE-MEDIATED

DISEASES
[Autoimmune + Malignancies]

Periodically:

* Assessment of
immunoglobulin levels and B

cell flow cytometry

e Monitoring for severe,
recurrent, or atypical
infections

If having recurrent, severe
atypical infections, consider

additional testing:

* Lymphocyte subsets
e Advanced flow cytometry

e Evaluation of antibody
function using 1gG-specific

antibody levels for S.
pneumoniae and C. tetani

Therapeutic B Cell Depletion

Ve, » s
e (o
SECONDARY

IMMUNODEFICIENCY
» Hypogammaglobulinemia

¢ Risk of infections

MANAGEMENT
Monitoring and early detection
Infection management
Prophylactic antibiotics
Consideration of IgRT

CLINICAL
IMPROVEMENT

Elmoursi & Barmettler, JACI, 2025
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