REVIEW

Spanish Consensus on the Diagnosis and
Management of Patients With Activated PI3K
Delta Syndrome (APDS)

Neth O', Alsina L*3, Riviere JG**¢, Lopez-Granados E’#°, Seoane-Reula ME'"", Gonzalez Granado LI'*%,
Sanchez-Ramon S, Rodriguez-Gallego C'*'¢'7'8 ‘and the Spanish APDS Study Group#

'Paediatric Infectious Diseases, Rheumatology and Immunology Unit, Hospital Universitario Virgen del Rocio, Instituto de Biomedicina de Sevilla,
IBiS /Universidad de Sevilla/CSIC, Red de Investigacion Translacional en Infectologia Pediatrica (RITIP) Seville, Spain

Clinical Immunology and Primary Immunodeficiencies Unit, Pediatric Allergy and Clinical Immunology Department, Hospital Sant Joan de Déu,
Universitat de Barcelona, Barcelona, Spain

3Study Group for Immune Disfunction Diseases in Children, Institut de Recerca Sant Joan de Déu, Barcelona, Spain

“Infection and Immunity in Pediatric Patients Research Group, Vall d'Hebron Institut de Recerca (VHIR), Barcelona, Spain

SPediatric Infectious Diseases and Immunodeficiencies Unit, Hospital Infantil i de la Dona Vall d'Hebron, Vall d'Hebron Barcelona Hospital
Campus, Barcelona, Spain

8Jeffrey Modell Diagnostic and Research Center for Primary Immunodeficiencies, Barcelona, Spain

"Center for Biomedical Network Research on Rare Diseases (CIBERER U767), ISCIII, Madrid, Spain

8Lymphocyte Pathophysiology in Immunodeficiencies Group, La Paz Institute for Health Research (IdiPAZ), Madrid, Spain

°Clinical Immunology Department, La Paz University Hospital, Madrid, Spain

"Primary Immunodeficiencies Unit, Pediatric Allergy and Immunology Unit, Hospital General Universitario Gregorio Maraiidén, Madrid, Spain
"Laboratory of Immune-Regulation, Gregorio Marafion Health Research Institute (IISGM), Madrid, Spain

2Primary Immunodeficiencies Unit, Pediatrics, Hospital 12 de Octubre, Research Institute Hospital 12 octubre (i+12), Madrid, Spain

3School of Medicine, Universidad Complutense de Madrid, Madrid, Spain

"“Department of Immunology, IML and 1dSSC, Hospital Clinico San Carlos, Madrid, Spain, School of Medicine, Universidad Complutense de
Madrid, Madrid, Spain

*Department of Immunology, Hospital Universitario de Gran Canaria Dr. Negrin, Las Palmas de Gran Canaria, Spain

'Department of Medical and Surgical Sciences, School of Medicine, Universidad de Las Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain
"Department of Clinical Sciences, University Fernando Pessoa Canarias, Las Palmas de Gran Canaria, Spain

'8CIBER de Enfermedades Respiratorias (CIBERES), Instituto de Salud Carlos Ill, Madrid, Spain

#The members of the Spanish APDS Study Group are listed in the Acknowledgments

J Investig Allergol Clin Immunol 2025; Vol. 35(2): 87-102
doi: 10.18176/jiaci.1059

M Abstract

Activated phosphoinositide 3-kinase (PI3K) delta syndrome (APDS) is an ultrarare genetic disorder characterized by overlapping
immunodeficiency and immune dysregulation. Its diagnosis poses challenges owing to its clinical similarities with other inborn errors
of immunity (IEls), compounded by the absence of targeted treatments in today's medical landscape. The standard approach involves
symptom management, reducing infection through immunoglobulin replacement therapy and prophylactic antimicrobials, and treating
immune dysregulation with immunomodulators. This approach considerably hampers effective management of APDS, as the diverse nature
of the disease necessitates a personalized strategy, in which the advantages and risks of immunosuppression are weighed against the
potential for recurrent infections and lymphoproliferative complications. To address these challenges, a group of Spanish experts in the
management of IEls, including APDS, collaborated to develop Delphi-based consensus recommendations. The primary goal of the initiative
was to offer guidance on various aspects of this complex disease, marking a pioneering effort in Europe. The consensus aims to facilitate
early diagnosis and provide clues for individual patient-based decisions that could favor balanced risk-benefit estimations for treatment.

Key words: APDS. Recommendations. PI3k. IEl. Personalized medicine.

B Resumen

El sindrome de fosfoinositida 3-quinasa (PI3K) delta (APDS) es un trastorno genético ultra raro caracterizado por el solapamiento de
inmunodeficiencia y una desregulacion inmunitaria. Su diagndstico plantea desafios debido a sus similitudes clinicas con otros errores innatos
de inmunidad (Ell), agravado por la ausencia de terapias dirigidas en el arsenal terapéutico actual. En la actualidad, el enfoque clasico
implica el tratamiento sintomatico, centrado en la reduccion de las infecciones a través del tratamiento con inmunoglobulinas y profilaxis
antimicrobiana, asi como el abordaje de la desregulacion inmunitaria a través de inmunomoduladores. Esto crea dificultades sustanciales
para los clinicos para el manejo del APDS, ya que la naturaleza heterogénea de la enfermedad requiere una estrategia personalizada,
valorando las ventajas y los riesgos de la inmunosupresion frente a las posibles infecciones recurrentes y complicaciones linfoproliferativas.
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esta enfermedad.

Para abordar estos retos, un grupo de expertos espafioles en la gestion de IEl, entre los que se incluye el APDS, desarrollaron una serie
de recomendaciones a través de una metodologia Delphi. El objetivo principal de esta iniciativa es ofrecer orientacion sobre diversos
aspectos de este trastorno complejo a través de un trabajo pionero en Europa. El consenso sefiala que mejorar en el diagndstico temprano
y proporcionar un enfoque personalizado para el tratamiento de los pacientes con APDS contribuira a reducir la carga de morbilidad de

Palabras clave: APDS. Recomendaciones. PI3k. Ell. Medicina personalizada.

1. Introduction

Activated phosphoinositide 3-kinase delta (PI3KJ)
syndrome (APDS) is an ultrarare genetic disease involving both
immunodeficiency and immune dysregulation. It is caused by
autosomal dominant pathogenic variants in PIK3CD (APDS],
OMIM #615513) or PIK3R1 (APDS2, OMIM #616005) that
increase the activity of the PI3K6 pathway [1,2].

The definitive diagnosis is made through genetic
testing for mutations if the variants meet the criteria of the
American College of Medical Genetics and Genomics [3]
for pathogenicity, as APDS overlaps clinically with other
inborn errors of immunity (IEIs) [4]. Functional assessment,
such as measuring hyperactivation of the PI3Kd pathway,
may complement genetic findings and provide insight
into the disease mechanism [5]. Diagnosis is clinically
challenging owing to the overlap with other IEIs, and
management strategies are limited due to the lack of pathway-
specific treatments in our setting. Treatment is usually
symptomatic, aiming to reduce the burden of infection with
immunoglobulin replacement therapy (IgRT) and prophylactic
antimicrobials and to manage dysregulatory manifestations
with immunomodulators. Accordingly, clinicians face
significant hurdles in managing APDS. The heterogeneity of
the disease requires a personalized approach that balances
the benefits and risks of immunosuppression against the
possibility of recurrent infections and lymphoproliferative
complications. For medical professionals acquainted with
IEIs, APDS exemplifies the complex interplay between
genetic diagnosis, functional understanding, and clinical care,
underscoring the need for continuous research and targeted
therapies [6,7].

Given the important unmet needs and the lack of published
evidence in most areas, a Delphi methodology was used to
generate consensus [6,8]. With the objective of gathering the
most robust evidence complemented by clinical expertise, a
selected group of Spanish physicians, all directly involved in
the care of patients with APDS, were invited to participate in
the Delphi process. This multidisciplinary team of experts in
the management of [EIs, including APDS, formulated Delphi-
based consensus recommendations. The initiative, the first
of its kind in Europe, aims to provide guidance on various
aspects of this complex disease. The prevalence of APDS in
Spain was estimated. The consensus recommendations and
a treatment algorithm were specifically designed to enhance
the early diagnosis and personalized management of APDS
patients and thus reduce disease burden.
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2. Methods

This study was conducted following the Delphi consensus
methodology developed by RAND/University of California,
Los Angeles (RAND/UCLA) [9]. The recommendation
preparation group (RPG) comprised 8 experts in IEIs with
clinical, diagnostic, and research laboratory experience in
APDS from 5 reference centers in Spain. At the first meeting,
held in March 2023, the concepts on which the consensus
was to be developed were defined. The consensus processes
are applicable to situations in which evidence is limited or
lacking, yet there are still opportunities to reduce uncertainty
and improve quality of care [10].

2.1. Literature Search and Review

Based on the initial design, an exhaustive nonsystematic,
targeted literature review of articles published between
2016 and July 2023 was conducted primarily in the PubMed
database following the search strategy outlined by Moriya et
al [11]. Briefly, the search was based on all reports in English
or Spanish containing “Activated PI3K-delta syndrome”,
acronyms and synonyms (APDS, PIK3CD, PIK3R1), and
the appropriate Medical Subject Headings term, and the
literature retrieved was manually checked and classified
according to the topic. Additional searches for gray
literature were performed. The RPG revised the literature
retrieved and included additional relevant literature where
applicable. Topics were assigned to the RPG members
(Supplementary Table 1), who performed a critical reading
of'the publications related to the topic assigned, provided an
evidence synthesis, and proposed statements to be revised by
the entire RPG in successive on-line meetings and written
rounds performed on June 22, 2023; July 04, 2023; and July
12, 2023. The final list of statements was agreed upon in
a final meeting where the RPG discussed and finalized the
definitive wording.

2.2. Panelists, Epidemiological Data, and Voting
Process

The panelists were selected considering their professional
profile (pediatricians, immunologists, hematologists,
pulmonologists, and internists/infectious disease specialists
with extensive experience in IEIs) and to ensure a broad
geographical distribution across Spain (Supplementary
Table 2). The first step involved phone calls and e-mails to
immunologists and pediatricians treating IEIs in Spain, as
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well as to Spanish companies involved in the genetics of IEIs.
Those involved in the management of APDS patients were
selected as panelists. Epidemiological data were subsequently
collected using a questionnaire, which was completed by the
panelists between September 4, 2023 and October 1, 2023 via
an online platform. In this questionnaire, the panelists were
asked about the number of patients with APDS/IEIs regularly
followed at their clinic. Considering that cases can be
declared more than once by different specialties, particularly
by pediatric and adult specialties, the panelists were asked to
provide information about possible duplications. To estimate
the prevalence, the data obtained were extrapolated to the
data for the current Spanish population [12]. In any case,
we cannot rule out the possibility that some patients may
have been missed, with the result that prevalence might be
underestimated.

For the voting process, panelists were invited via electronic
mail and given access to a Delphi-dedicated on-line platform
containing the proposed statements. Those professionals who
agreed to participate were granted access (Supplementary
Figure 1). Thirty-four statements were evaluated in a 2-round
Delphi-type iterative process using a Likert scale ranging from
1 to 9 (1, strongly disagree; 9, strongly agree) in an on-line
questionnaire.

2.3. Statistical Analysis

The RAND/UCLA methodology was used for consensus
analysis in Delphi panels, where appropriateness and the
level of agreement were analyzed based on the median and
distribution of the responses, respectively [9]. Each item in the
questionnaire was classified according to the level of agreement
and the panel’s median score as “appropriate” (median in
the 7-9 range), “uncertain” (median in the 4-6 range or any
median with disagreement), or “inappropriate” (median in
the 1-3 range). Consensus was reached if at least two-thirds
of the sample responded within the same score range as the
median. Disagreement was considered to occur if the median
score was at either of the 2 extremes and more than one-third
of the sample responded in the opposite extreme range, or if
the median was in the central range and at least one-third of the
panelists responded in 1 of the other 2 ranges. If the assessment
of the statement did not meet any of the previous criteria, it
was considered neutral.

3. Epidemiology and Pathogenesis

Of the 42 invited panelists with recognized expertise in
APDS and/or in clinically related IEIs, 33 completed the
questionnaire (78% response rate). The level of expertise of
the panelists was corroborated through a series of questions
regarding their experience. Since all statements were approved
after the first Delphi round (100% approval rate), further
rounds were not needed. The analyses were performed using
the statistical package R version 4.4.0 for Windows [13]. The
results were discussed, and the treatment algorithm and figures
were agreed on by the RPG in a final consensus meeting held
on November 2, 2023.

© 2025 Esmon Publicidad

3.1. Estimated Prevalence of APDS in Spain

Data collected from the survey suggested an estimated
prevalence of APDS in Spain of 0.722 cases/million
population. This value was calculated based on the 35 patients
obtained from the survey, 29 of whom were >12 years old, and
the current Spanish population as of November 9, 2023 (48
446 594 inhabitants) [12]. Given that cases could be declared
more than once by different specialties, the highest number of
cases reported by each hospital was considered. Additionally,
keeping in mind that cases could be reported by pediatric and
adult specialties, the case count was based on the declaration
by specialists in the pediatric area. In cases where pediatric
specialists did not respond, the count declared by adult
specialists was used.

3.2. Molecular Pathogenesis of APDS

PI3Ks are a family of kinases that participate in key
signal transduction pathways in various cell types. They are
heterodimers formed by a catalytic and a regulatory subunit.
The many types of class I PI3Ks in humans present various
combinations of catalytic and regulatory subunits and cellular
expression patterns [14]. In lymphocytes, the main PI3K is
the heterodimer formed by the regulatory p85a subunit and
the catalytic p1106 subunit, which phosphorylates membrane
phosphatidylinositol-4,5-bisphosphate and generates a second
messenger, phosphatidylinositol-3,4,5-trisphosphate [1,15].
PI3K$ signals downstream from a variety of receptors, such
as the B-cell receptor and T-cell receptor, and interaction
with other receptors, such as the Toll-like receptors, has
also been described [16,17]. APDS can be caused by gain-
of-function (GOF) variants in the gene that encodes for the
PI3K 1106 catalytic subunit (PI3KCD gene: APDS1) [1,2] or
loss-of-function (LOF) variants in the gene that encodes for
the PI3K p85a regulatory subunit of PI3K6 (PI3KRI gene:
APDS?2) [18,19] (Figure 1).

Engagement of the B-cell receptor upon antigen encounter
activates an intracellular activation signal that is amplified
through several pathways, which are largely dependent
on phosphorylation events, ultimately modulating gene
expression [15,20]. Activation of the B-cell receptor requires
PI3K signaling, which is essential for B-cell proliferation,
survival, Ca?* flux mobilization, and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF kB). PI3K activation
also promotes protein kinase B (Akt) signaling, which has
several key targets, such as the ribosomal S6 kinase protein (S6),
the regulator of the mammalian target of rapamycin (mTOR)
complex, and the transcription factor FOXO. Activation of Akt
and S6 is mediated by phosphorylation. The PI3K-Akt pathway
is fundamental for lymphocyte homeostasis [21-23]. Statements
regarding the molecular pathogenesis of APDS were included
in the Delphi process (Statements 1-2, Table 1).

4. APDS: Diagnosis and Management

Patients with APDS exhibit diverse clinical and
immunological abnormalities. Up to 50% of APDS patients
present marked CD4" T-cell lymphopenia due to a reduction
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Figure 1. PI3K delta-mediated activation and signaling showing the major molecules downstream of the p1108 /p85a. PI3K complex (adapted from [2,87]).
The phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit delta (PI3K8) is found primarily, but not exclusively, in leukocytes. Upon signaling
through a cellular receptor, such as the B- and T-cell receptors, the PI3K& enzyme complex is recruited to the cellular membrane, where, upon relief of
inhibitory binding by p85, p110 converts phosphatidylinositol 4,5-bisphosphate (PIP2) into phosphatidylinositol (3,4,5)-trisphosphate (PIP3). PIP3 recruits
and activates downstream messengers, such as phosphatidyl inositol 3-dependent kinase 1 (PDK1) and protein kinase B (Akt). Akt has many downstream
effects, including the GSK3 (glycogen synthase kinase-3), FOXO (forkhead box 0), mTOR and ribosomal S6 kinase protein (S6). Activation of Akt and S6
is mediated by phosphorylation. The PI3K-Akt pathway is fundamental for lymphocyte homeostasis. Activated phosphoinositide 3-kinase delta syndrome
(APDS) can be caused by pathogenic gain-of-function variants in the gene that encodes for the PI3K 1108 catalytic subunit (PI3KCD gene: APDS1) or
loss-of-function variants in the gene t%iat encodes for the PI3K p85a regulatory subunit of PI3K& (PI3KR1T gene: APDS2). Both APDST and 2 result in
hyperactivation of the PI3K-Akt pathway that ultimately leads to many of the cellular alterations observed in patients with APDS, significantly disrupting
the development, differentiation, and/or effector function of major lymphocyte subpopulations.

Table 1. Molecular Pathogenesis of APDS: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Median Appropriateness Level of
agreement

1. APDS is an ultrarare genetic disease involving immunodeficiency and immune 9 Appropriate Agreement

dysregulation, together with an increased risk of lymphoma, overlapping clinically

with other inborn errors of immunity.

2. A better understanding of the myriad of lymphocyte alterations imposed by 9 Appropriate Agreement

enhanced PI3Ko function has strengthened the rationale for pharmacologically
targeted downmodulation, aiming to restore a balanced PI3K pathway.

Abbreviation: APDS, activated PI3K& syndrome.

in the number of naive CD4" T cells [24]. Within the memory
CD4" T-cell compartment, disruptions in circulating T follicular
helper cells lead to a skewed distribution towards an effector
type 1 helper T cells (Ty1), which is less efficient in promoting
B-cell activation, likely contributing to impaired terminal B-cell
differentiation and antibody production. Enhanced production
of IL-4, IL-5, and IL-13 might explain the presence of Ty2-
related pathologies observed in some APDS patients [24].

J Investig Allergol Clin Immunol 2025; Vol. 35(2): 87-102
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Cytotoxic T-cell responses are also affected, leading to poor
control of latent viral infections such as Epstein-Barr virus and
cytomegalovirus. Indeed, CD8* B cells specific for Epstein-
Barr virus are normally generated or expanded, although they
exhibit phenotypic features compatible with senescence and
exhaustion, leading to poor cytotoxicity against autologous
B cells. Natural killer lymphocytes and their subtypes are
also produced under normal conditions but present decreased

© 2025 Esmon Publicidad



Spanish Consensus on APDS 91

cytotoxic capacity [24]. In addition, T regulatory (Treg)
cells are affected (low circulating FoxP3" Treg and altered
suppressive capacity) [25].

Enhanced PI3K§ activity compromises peripheral naive
B-cell survival, increasing the transitional B-cell compartment
and leading to progressive peripheral B-cell lymphopenia.
Naive B cells present intrinsic defects, such as increased
activation-induced cell death, defective Ig class switch
recombination, and somatic hypermutation, all of which
contribute to poor specific antibody responses to infections
and vaccines but enhance production of IgM plasma and
memory CD27"IgM* B cells, with increased IgM production.
Paradoxically, naive B cells show increased activation,
promoting the appearance of exhausted CD27 IgD~ double-
negative B cells [26]. A combination of defective cytotoxic
responses with poorer control of latent viral infections in
addition to disruption of the B-cell compartment might account
for the increased risk of lymphoma in APDS patients [4].

Lymphoproliferative complications arise in up to 90%
of APDS patients [4,19,27,28]. Benign lymphoproliferation
is the second most frequent clinical sign of APDS following
repeated infections and may manifest as lymphadenopathy,
splenomegaly, and/or hepatomegaly. Lymphadenopathy and
splenomegaly in APDS patients can be massive and mimic
malignant lymphoma [5]. Increased risk of lymphoma is the
most severe complication in APDS.

The relative frequency of clinical and immunological
manifestations in APDS can be estimated based on recent
publications that have collectively compiled data from
250 patients with genetically confirmed APDS1 or APDS2

from Europe, the USA, Iran, and Japan (mean age 15 years,
range 1-65 years) [4,28-30]. The most common clinical
features of APDS are shown in Table 2. To some extent,
sequential appearance of clinical manifestations can be inferred
from published studies [27-29]. In Figure 2, we attempted to
graphically represent what could be considered sequential
symptom onset during the course of APDS. It is crucial to
emphasize that progression varies between individuals, and not
everyone affected will experience all clinical stages of APDS
following sequential onset of symptoms. As mentioned, APDS
is characterized by low genetic heterogeneity, early onset, and
high penetrance, and many symptoms develop by age 15 years.
Of note, the mortality rate for APDS patients is 8% at a median

Table 2. Frequency of Clinical Features of APDS1 and APDS2 [4,30,84].
Clinical feature APDS1 APDS2 Ref.

Chronic/recurrent respiratory tract 95% 85% (30]
infections

Bronchiectasis 60% 26% [30]
Chronic herpes infection 46% 22% (84]
Benign lymphoproliferation 86% 86% [30]
Autoimmunity 56% 13% (4]

Enteropathy 30% 45% [30]
Lymphoma 8% 23% [30]
Neurological abnormalities 17% 17% [4]

Abbreviations: APDS, activated PI3K& syndrome; Ref. reference.

-

80% mm Recurrent respiratory tract infections
Lymphoproliferation
Enteropathy
== Autoimmunity
60% == Malignancy
[
=
S 40% -
20% -
0% ‘ \

T T T T : T T ]

| T | e e B 1 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

N oy J

Figure 2. Sequential symptom onset in activated phosphoinositide 3-kinase delta syndrome (APDS) (data from [4]). The apex of the curves represents the
median age at onset and the width of the curve the interquartile range of onset in years. This process describes the natural progression of APDS-related
manifestations over time, usually starting in childhood. In this context, children may initially develop recurrent respiratory tract infections in their early
years, followed by benign lymphoproliferation, enteropathy, and enteropathy later in childhood, ultimately progressing to autoimmunity and malignancy
in adolescents and young adults.
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Table 3. Clinical and Immunological Features of APDS: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Appropriateness Level of
agreement

3. APDS is associated with increased susceptibility to recurrent sinopulmonary Appropriate Agreement

infections in children; lymphadenopathies, autoimmune cytopenia and enteropathy

are common clinical manifestations in APDS.

4. Evaluation of T-cell subpopulations and lymphoproliferative responses, as well Appropriate Agreement

as B-cell populations, is recommended in patients with APDS.

5. Evaluation of antibody responses, Ig levels (IgG, IgA, and IgM), and specific Appropriate Agreement

antibody response based on antibody titers after vaccination is recommended in

all patients with APDS.

6. In APDS, elevated serum IgM, low frequency of naive CD4 T cells, and aberrant Appropriate Agreement

B-cell phenotype with decreased switched memory B cells and increased

transitional B cells may be present.

Abbreviation: APDS, activated PI3K& syndrome.

age of 18.5 years [30]. Growth impairment (over 50%) is
mostly observed in APDS2 [27-29]. Dysgammaglobulinemia is
common in APDS, typically with elevated IgM levels and low
IgG, IgG2, and IgA levels. In addition, phenotypic lymphocyte
alterations, such as decreased CD4" T cells, decreased naive
CD45RA" T cells, increased T follicular helper cells, decreased
Treg and memory B cells, and increased transitional B cells
are observed in peripheral blood [2,21,22,27]. The clinical
and immunological features of APDS are addressed in Table 3
(statements 3-6).

4.1. Keys to Diagnosis of APDS

High suspicion leading to early diagnosis of APDS is
crucial for initiating prompt treatment, which has prognostic
implications and underscores the need for a multidisciplinary
team and reference center. As mentioned above, patients with
APDS present immune system defects in the form of infections
and other alterations associated with defective regulation of
the immune response, such as autoimmunity, inflammation,
and lymphoproliferation (Table 4).

Table 4. Clues for Diagnosis of APDS: Common Clinical Manifestations and Immunological Features [1,2,7,11,29,85,86].

Clinical manifestation

Immunological feature

Nonspecific ~ Recurrent severe persistent infections: Immunoglobulin levels:
— Recurrent sinusitis and upper respiratory — Low to normal serum IgA/IgG levels
infections in early childhood — Normal to high serum IgM
— Pneumonia — Low serum lgG2
— Herpes virus infections — Suboptimal specific antibody responses
— Chronic EBV and CMV viremia Immune phenotype:
— Bronchiectasis — Low circulating T and B cells
— Skin and oral abscesses — Increased transitional and CD21°" CD38"°" B cells, low memory (CD27+)
B cells, and low class-switched memory B cells.
— Low naive CD4+ T cells and increased effector memory T cells expressing
markers of senescence/terminal differentiation (CD57+)
Lymphoproliferation: Functional studies:
— Lymphadenopathy — Increased activation-induced cell death of T cells.
— Splenomegaly/hepatomegaly — Low in vitro T- and B-cell proliferation
— Nodular lymphoid hyperplasia — Low CD8* T- and NK-cell cytotoxicity
— EBV-related lymphoma — Expansion of /0 T cells
— Increased phosphorylation levels of AKT and S6 proteins
Enteropathy
— Chronic diarrhea with malabsorption or colitis
Autoimmune/autoinflammatory diseases:
— Autoimmune cytopenia
— Primary sclerosing cholangitis
Specific Syndrome phenotype: growth impairment and Genetic study:

facial dysmorphism (APDS2)

— APDS1: gene PIK3CD (GOF)
— APDS2: gene PIK3RT (LOF)
— APDS-L: gene PTEN (LOF)

Abbreviation: Ab, antibody; APDS, activated PI3K& syndrome; CMYV, cytomegalovirus; EBV, Epstein-Barr virus; GOF, gain of function; LOF, loss of function.
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When a patient presents clinical signs suggestive of
APDS (see above), a thorough immunological assessment
should be undertaken. This evaluation should include the
measurement of serum immunoglobulins, as well as a detailed
immunophenotypic analysis [2,11,21,22,27].

A substantial number of cases clinically diagnosed as
hyper IgM syndrome, common variable immunodeficiency, or
lymphoma have been retrospectively identified as APDS [4].
Therefore, when the underlying causative gene has not been
identified in patients presenting with clinical characteristics
of the aforementioned conditions [4], the possibility of
APDS should be considered. Table 5 shows statements and
recommendations (7-11) related to the diagnosis of APDS.

Upon strong clinical suspicion, patients should be
referred to a specialized reference center for a comprehensive
diagnostic evaluation. This must include a genetic assessment,
although pathological and immunological work-ups are also
recommended [31]. As in other IEIs, a careful review should
be performed, and the role of genetic variants in pathogenesis,
including familial segregation, should be assessed.

Functional analysis is also valuable when attempting
to confirm the diagnosis, especially in cases of variants of
uncertain significance. This test usually consists of confirming
increased activation of the PI3K-AKT-mTOR pathway by
demonstrating increased phosphorylation levels of AKT and
S6 proteins in resting and/or activated T or B lymphocytes in
suspected APDS (Figure 1) [5]. However, functional assays
of the PI3K-AKT-mTOR pathway are not yet available in
many centers owing to the difficulties in establishing a widely
standardized approach.

4.2. Clinical Management of APDS
4.2.1. Nonpharmacological treatments

4.2.1.1. Health education and pulmonary rehabilitation

Chronic and recurrent respiratory symptoms are
characteristic of APDS. As with other IEIs, patients with
APDS require comprehensive care involving health education
and pulmonary rehabilitation [32-35], which has proven vital
for managing the condition and can preserve and improve
lung function.

Health education plays a crucial role in APDS care,
providing patients with information about the disease, its
genetic origins, symptoms, and self-care strategies [36].
Recognizing and managing respiratory symptoms associated
with APDS, as well as educating patients about potential
complications and available treatments, are essential
components of care. Adopting a healthy lifestyle (vaccination
with inactivated vaccines, such as tetanus toxoid, conjugated
or polysaccharide pneumococcal vaccine, anti-SARS-CoV-2
vaccine, and inactivated influenza vaccine) and strategies to
prevent respiratory infections are highly important [36-39].
Table 6 provides specific statements and recommendations
(12-13) related to nonpharmacological treatment of APDS.

4.2.2. Pharmacological treatments

4.2.2.1. Treatment and prevention of complications
— Immunoglobulin replacement therapy. 1gRT is the
mainstay of long-term therapy in patients with
APDS [40]. Most patients with APDS reported in the
literature have received IgRT since early childhood to

Table 5. Diagnosis: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Median Appropriateness Level of
agreement

7.The definitive diagnosis of APDS is based on genetic studies, and in case of the 9 Appropriate Agreement

presence of a new variant, evaluation of its functional impact is recommended in

both APDS types (PIK3CD and PIK3R1).

8. APDS should be considered in the presence of infections, immune dysregulation, 9 Appropriate Agreement

and/or lymphoproliferative complications.

9. Early onset of clinical manifestations of lymphoproliferation and infections in 9 Appropriate Agreement

APDS suggests a poorer prognosis.

10. Chronic viral infections are a prognostic factor for lymphoma. 9 Appropriate Agreement

11. Early diagnosis of APDS is crucial, enabling appropriate interventions to 9 Appropriate Agreement

mitigate disease progression.

Abbreviation: APDS, activated PI3K8 syndrome.

Table 6. Nonpharmacological Treatments: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Median Appropriateness Level of
agreement

12. A broad, patient-focused health education program is recommended for all 9 Appropriate Agreement

families and patients with APDS.

13. Pulmonary rehabilitation is recommended for patients with APDS, especially 9 Appropriate Agreement

those with bronchiectasis or chronic productive cough.

Abbreviation: APDS, activated PI3K& syndrome.
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reduce the incidence of infections [11]. This therapy
can help prevent infections and protect individuals from
additional infections that may lead to organ damage.
The recommended starting dosage is 0.4 g/kg/mo
administered either subcutaneously or intravenously in
order to maintain IgG trough levels >600 mg/dL and
>800 mg/dL in the case of lung disease [41]. Table 7
shows a relevant statement/recommendation (14) related
to IgRT.

— Antibiotic prophylaxis. In addition to IgRT, patients
with APDS may require antibiotic prophylaxis in
selected cases to prevent respiratory infections, as
described in common variable immunodeficiency and
an evidence-based consensus publication [42]. In the
event of splenectomy, long-term penicillin prophylaxis
is required for 1-3 years after the procedure; it is also
required in children aged <5 years owing to the risk
of postsplenectomy sepsis [43]. Since APDS affects
T- and B-lymphocyte compartments, prophylaxis with
sulfamethoxazole-trimethoprim 1-3 days a week is
indicated if CD4"* lymphopenia is <200 cells/pL and/or
<15% of total lymphocytes or there is a significant
alteration in T-lymphocyte proliferation [44,45].

See Table 7 for statements and recommendations (15-17)
related to antibiotic and antiviral prophylaxis.

— Vaccination. Patients with APDS can receive all
inactivated vaccines [42,46,47]. No specific statement
has been drafted regarding vaccination, as the decision
should be on a case-by-case basis. The achievement of
protective antibody titers following vaccination will

depend on the residual production of IgG: if IgG is
<100-200 mg/dL prior to IgRT, vaccination is likely to be
ineffective [48,49]. However, T-cell priming still justifies
routine immunizations with inactivated vaccines [50].
Attenuated vaccine administration should be guided by
the total CD4" count and severity of the humoral defect.
Oral polio and BCG vaccines are contraindicated. Live
vaccines are contraindicated if CD4" lymphopenia is
<200 cells/uL or if there is an alteration in proliferation
or a moderate-to-severe antibody defect [42,46,47].

In selected cases, varicella vaccine (potentially followed
by acyclovir if necessary) may be administered prior to
vaccination against measles, mumps, and rubella. This
prevents complications derived from vaccine virus infection
in the absence of antiviral treatment. In any case, prior to
the initiation of IgRT, the presence of IgG against varicella-
zoster, rubella, measles, and mumps should be checked. Novel
vaccines such as the inactivated varicella-zoster vaccine, which
are currently being evaluated in clinical trials in the setting of
organ transplantation [51], may alter current recommendations
for patients with IEIs in the future.

4.2.2.2. Immunomodulatory treatments

No treatments for APDS have been approved
in Europe to date, with management restricted to the
aforementioned symptomatic treatments, as well as off-label
immunosuppressants and immunomodulators, including
corticosteroids, mTOR inhibitors, and rituximab. None of
these immunomodulators can effectively resolve all symptoms
and are associated with adverse events, which may be severe.

Table 7. Pharmacological Treatments: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Median Appropriateness Level of
agreement

14. Immunoglobulin replacement therapy should be considered in patients with 9 Appropriate Agreement

APDS and hypogammaglobulinemia, recurrent infections, and/or bronchiectasis.

15. Patients with APDS may require antibiotic prophylaxis in selected cases to 9 Appropriate Agreement

prevent sinopulmonary infections.

16. Long-term antiviral therapy is not recommended for chronic EBV or CMV 8 Appropriate Agreement

infection in APDS.

17. Pneumocystis jirovecii prophylaxis may be considered in selected APDS patients 9 Appropriate Agreement

with severe T-cell defects.

18. Corticosteroid use should be limited to short courses and “add on” therapy 9 Appropriate Agreement

in case of clinical relapse or in the initial phase of immunomodulatory treatment

during diagnostic evaluation.

19. Caution should be exercised when considering off-label rituximab in APDS 9 Appropriate Agreement

owing to the risk of sustained B-cell lymphopenia associated with the need for

immunoglobulin replacement.

20. Off-label rituximab may be used as treatment for autoimmune cytopenia 9 Appropriate Agreement

and nonneoplastic lymphoproliferation, such as lymphadenopathy and

hepatosplenomegaly, when rapamycin is ineffective or not tolerated.

21. Off-label rapamycin in APDS patients appears to improve lymphoproliferative 9 Appropriate Agreement

manifestations, such as lymphadenopathy and hepatosplenomegaly, although
it is less effective in cytopenia, prevention of infections, and gastrointestinal
manifestations.

Abbreviation: APDS, activated PI3K& syndrome; CMV, cytomegalovirus; EBV, Epstein-Barr virus.

J Investig Allergol Clin Immunol 2025; Vol. 35(2): 87-102
doi: 10.18176/jiaci.1059

© 2025 Esmon Publicidad



Spanish Consensus on APDS 95

In addition, efficacy data are limited and based on clinical
experience, case series, cohort studies, and systematic reviews,
as detailed below.

— Corticosteroids. The European Society for

The adverse events leading to complete discontinuation
of rapamycin in APDS patients include severe headaches,
anorexia, and renal toxicity. Adverse events requiring
treatment to be interrupted temporarily include

Immunodeficiencies (ESID) registry reports that 31 out
of 77 (42%) patients with APDS1/2 enrolled in the
APDS registry up to December 2017 had received
corticosteroids, with 27 (87%) showing at least a partial
and short-term clinical benefit. More than half had
received corticosteroids by the age of 20 [28]. In a series
of patients from China, lymphoproliferation (93%),
enteropathy (50%), and cytopenia (70%) improved at
least partially [52]. Nevertheless, major adverse effects
have been described, including long-term toxicity,
osteoporosis, hypertension, diabetes, and increased
susceptibility to infections [53].

See Table 7 for statements and recommendations (18)
related to the use of corticosteroids in APDS.

— Anti-CD20 antibodies. The anti-CD20 monoclonal

antibody rituximab has been reported to reduce the
frequency and relieve the symptoms of autoimmune
cytopenia and decrease overall nonneoplastic
lymphoproliferation, including lymphadenopathy and
hepatosplenomegaly. However, its clinical benefit in
reducing the frequency and relieving the symptoms of
enteropathy and colitis remains limited [27-29]. Rituximab
results in sustained, potentially permanent, B-cell
lymphopenia [29], which can increase susceptibility
to infections [54], especially to novel or emergent
infections, for which vaccination strategies are less
effective [55]. Furthermore, its use does not resolve
the underlying immunodeficiency [56] and may induce
secondary hypogammaglobulinemia, thus necessitating
long-term IgRT [57].

See Table 7 for statements and recommendations (19-20)
related to anti-CD20 therapy in APDS.

mTOR inhibitors. Whilst rapamycin is the main
mTOR inhibitor used for treating APDS, its derivative
everolimus has been used in a limited number of
patients [58]. Up to 40% of patients have received
mTOR inhibitor treatment [28,36,59]. In a series of
26 patients treated with rapamycin, the best response
was observed for lymphoproliferation (present in 25
patients) based on the physician visual analog scale
(8 complete, 11 partial, 5 no remission, 1 worsening/
new manifestation), while the response to bowel
inflammation (3 complete, 3 partial, 9 no remission)
and cytopenia (3 complete, 2 partial, 9 no remission)
was less pronounced [28].

Other authors have also reported mTOR inhibitors
to be very efficacious in both lymphoproliferation
and cytopenia [52]. In a group of 8 patients taking
corticosteroids at initiation of treatment with rapamycin,
7 were able to discontinue corticosteroids and 1 was able
to reduce the rapamycin dose [28]. mTOR inhibition
therapy was found to restore T-cell phenotypes [2,59,60]
and increase serum IgG levels [61] in some cases,
although no significant effects were found in a series of
patients from China [52].

© 2025 Esmon Publicidad

aphthous ulcers, stomatitis, and liver and renal toxicity
(proteinuria) [27-29,61-64].

Relapse of cutaneous T-cell lymphoma has been reported
in a patient receiving rapamycin [28], and deterioration of
the clinical course of the disease requiring hematopoietic
stem cell transplantation (HSCT) has also been
documented [65]. See Table 7 for a relevant statement
and recommendation (21) related to this subject.

4.2.2.3. Personalized Medicine
— PI3K¢ inhibitors. Several selective PI3Kd inhibitors

have been developed for the treatment of APDS,
although clinical trial results have been mixed.
A 12-week dose-finding trial of oral leniolisib in
6 APDS patients demonstrated good tolerance, partially
reconstituted lymphocyte subsets, and decreased
lymphoproliferation [66].

In a subsequent 12-week phase 3 study
involving 31 genetically confirmed APDS patients,
outcomes were positive for leniolisib, with 26% achieving
complete absence of index lymphadenopathy and 74%
achieving a partial response. Leniolisib also normalized
immune cell subsets and improved cytopenia, with fewer
treatment-related adverse events than placebo [67].

An open-label extension study with 37 patients revealed
a 62.7% reduction in mean index lymph node size and a
37.6% reduction in mean spleen volume. After a median
exposure of 102 weeks, 37% of patients decreased or
stopped IgRT, with reduced infection rates. Limited data
on gastrointestinal manifestations indicate a probable
reduction with leniolisib [68-70].

Furthermore, no progression was observed in 3 of
6 patients with established bronchiectasis prior to the
trials [68]. Leniolisib maintained durable responses
after up to 5 years of exposure in 37 APDS patients [71]
and in 6 APDS patients from a 12-week dose trial
after 6 years of follow-up [68]. An interim analysis in
March 2023 confirmed these results [72]. Leniolisib
was approved by the United States Food and Drug
Administration in March 2023 for APDS patients aged
12 and older [73]. As of the time of writing, the drug
is under regulatory review by the European Medicines
Agency.

Other PI3K$ inhibitors explored in APDS include
inhaled nemiralisib, which showed acceptable safety
and tolerability in a completed phase 2 trial but
was not pursued further since appropriate treatment
concentrations were not achieved [74]. Seletalisib, an
oral inhibitor, demonstrated improvements in clinical and
immunological parameters in a phase 1b trial, although
serious adverse events occurred in 3 of 7 patients.
A phase 3 trial faced enrollment challenges and was
terminated prematurely in 2020 (European Clinical Trials
Database 2015-005541) [75].

See Table 8 for statements and recommendations (22-23)
related to PI3K$ inhibitor therapy.
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Table 8. Personalized Medicine: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Median Appropriateness Level of
agreement

22.The current understanding of the etiology and pathogenesis of APDS supports 9 Appropriate Agreement

the potential use of targeted therapy in the form of selective PI3K8 inhibitors.

23. The selective PI3K3 inhibitor leniolisib improves manifestations of 9 Appropriate Agreement

lymphoproliferation, including splenomegaly, infections, and cytopenia. It also

normalizes T- and B-cell subsets and is well tolerated.

24. HSCT as potential curative therapy for APDS may be an option for selected 9 Appropriate Agreement

patients, although it is associated with risk of graft failure, graft-versus-host

disease, and infections.

25. It remains to be established when and how HSCT should be performed and 9 Appropriate Agreement

which patients with APDS are suitable candidates.
Abbreviation: APDS, activated PI3KS syndrome; HSCT, hematopoietic stem cell transplant.

Personalized medicine

Supportive medicine Supportive medicine
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Figure 3. Overview of therapeutic approaches for management of activated phosphoinositide 3-kinase delta syndrome (APDS). The figure outlines the
various treatment strategies for APDS, highlighting both conventional and emerging therapeutic options. Leniolisib is not currently approved in Spain,
although it is available through early access programs.

— Hematopoietic stem cell transplantation. HSCT for associated complications were notable, including acute

APDS is the only potentially curative therapy today
and should be an option for selected patients, especially
those who were unable to achieve remission or who
experienced disease progression despite having received
different immunomodulatory therapies.

In a retrospective study of 57 patients who underwent
HSCT, 49% had prior mTOR inhibitor therapy, and
26% had been treated with rituximab [65]. The authors
reported 2-year overall and graft failure—free survival
rates of 86% and 68%, respectively, with no significant
differences observed between APDS1 and APDS2,
donor type, or conditioning intensity. However, HSCT-

J Investig Allergol Clin Immunol 2025; Vol. 35(2): 87-102
doi: 10.18176/jiaci.1059

and chronic graft-versus-host disease in 39% and 16%
of patients, respectively. Graft failure required donor
cell infusions in 39% of patients, and 9 of the 57 patients
required retransplantation [65,76].

The role of HSCT in APDS remains to be established,
and several areas remain open to debate, namely, optimal
patient selection, timing, conditioning regimens, and
immunomodulatory management before, during, and
after transplantation. Additionally, long-term post-HSCT
follow-up data are lacking, thus making it difficult to
provide definitive recommendations on prognosis and
optimal treatment.
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See Table § for statements and recommendations (24-25)
related to HSCT.

An algorithm summarizing current treatment options can
be found in Figure 3.

4.2.3. Integrated care and follow-up

4.2.3.1. Patient journey

Considering the wide range of symptoms and complications
of APDS, follow-up should involve multidisciplinary teams,
including specialists from various fields [5]. Additionally, the
chronic and potentially serious nature of the syndrome makes
psychological support fundamental for both patients and their
families [31].

4.2.3.2. Tests, clinical markers, and biomarkers

Longitudinal follow-up in the same health care centers
facilitates consistent imaging, pathology evaluations, and
monitoring of immunological and pulmonary status. This
approach permits early detection of complications and
deterioration of affected organs, thus facilitating reassessment
of therapeutic options [42].

For patients receiving pharmacological PI3K inhibition
activity, improvement in lymphoproliferative complications and
even phenotypic and functional immunological abnormalities
could be identified through imaging modalities such as
ultrasound, computed tomography, and magnetic resonance
imaging to better define personalized clinical outcomes.
Promising diagnostic, prognostic, and therapeutic biomarkers
are under investigation [42,67].

Periodic monitoring of functional assays to assess
PI3K-AKT-mTOR pathway activity could complement
clinical evidence of pharmacological response in the long
term. Standardized protocols for periodic testing in primary
immunodeficiency can be applied to the follow-up of APDS
patients [42].

See Table 9 for relevant statements and recommendations
(26-30) related to tests, clinical markers, and biomarkers.

4.2.3.3. Genetic counseling

Upon diagnosis, the patient must receive support in
understanding the implications and challenges of carrying a
genetic abnormality. Carriers will therefore require assistance
and guidance in managing and planning future pregnancies to
minimize the risks of having an affected child and to adapt to
the psychosocial aspects involved [77,78]. As in other, similar
IEIs, all APDS patients and their relatives should be offered
genetic counseling [79].

Key aspects of genetic counseling for APDS include the

following:

— Mode of inheritance and recurrence risk. APDS follows
an autosomal dominant inheritance pattern with high
penetrance.

— Management and treatment options. Current and future
treatment options should be discussed, especially in cases
of prenatal diagnosis.

— Reproductive considerations. Available options should be
explored to prevent transmission to offspring in patients
of reproductive age or before starting treatment that may
affect fertility.

Table 9. Integrated Care and Follow-up: Statements and Recommendations Validated by the Panelists During the Consensus Process.

Statement/recommendation Median Appropriateness Level of
agreement

26. A full immunological evaluation, including T- and B-cell phenotyping, viral load, 9 Appropriate Agreement

and basic complete blood count and biochemistry should be performed every 6-12

months.

27. A yearly pulmonary function test, including DLCO, is recommended in patients 9 Appropriate Agreement

with lung involvement.

28. Ultrasound imaging of the abdomen and areas of clinical adenopathy should be 9 Appropriate Agreement

performed annually.

29. A CT-scan should be repeated every 5 years when baseline is normal or every 9 Appropriate Agreement

1-2 years in the case of active bronchiectasis or interstitial lung disease.

30. When there is suspicion of infection in patients with bronchiectasis, it is 9 Appropriate Agreement

recommended to optimize general, microbiological, and imaging methods.

31. Genetic counseling should be offered to all APDS patients and relatives owing 9 Appropriate Agreement

to its autosomal dominant pattern of inheritance and high clinical penetrance

compared to other [Els.

32. Close relatives (parents and siblings) of newly diagnosed patients should be 9 Appropriate Agreement

evaluated for testing according to regulations, even if asymptomatic.

33. Emotional and psychological support is recommended for APDS patients and 9 Appropriate Agreement

relatives.

34. There should be fluid interaction and clear channels for referral between the IEl 9 Appropriate Agreement

national reference center and other centers to ensure prompt diagnosis and advice
on proper clinical management and regular follow-up of APDS.

Abbreviation: APDS, activated PI3K& syndrome; CT, computed tomography, DLCO, diffusing capacity for carbon monoxide; IEl, inborn error of immunity.
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See Table 9 for relevant statements and recommendations
(31-32).

4.2.3.4. Emotional monitoring and psychological support

APDS is a chronic and potentially serious disease, making
emotional and psychological support essential for both patients
and their families [77,78]. The main aspects to consider are
the following:

— Communication of the diagnosis. Prompt diagnosis and
reliable results are crucial. The diagnostic process should
be conducted by trained personnel in a face-to-face setting
to ensure clear communication and emotional support [77].

— Support groups and additional resources. Offer access to
support groups and patient organizations where patients
and their families can obtain additional information,
share experiences, and receive support from individuals
facing similar challenges [77].

Table 9 presents statements and recommendations (33-34)

related to emotional monitoring and psychological support
in APDS.

5. Discussion

The current challenges and treatment landscape for APDS
involve the identification and early diagnosis of patients and the
limitations of current therapeutic options; hence the importance
of developing consensus protocols [80]. In addition, effective
follow-up of APDS patients requires multidisciplinary teams
capable of addressing their diverse medical and psychosocial
needs, preferably in an experienced reference center [78]. A
high degree of coordination between services is critical to
prevent delays and duplications that could affect the prognosis
of APDS patients.

Activities that increase awareness and education among
health care professionals and enable them to recognize IEIs
and to know when to refer patients for diagnostic studies are
particularly relevant. The lack of disease-specific protocols and
consensus statements hampers management of APDS by the
professionals who see affected patients, potentially resulting
in inequities that should be addressed [42].

Also challenging is the treatment of APDS. Current
therapies, such as mTOR inhibitors and IgRT, have
demonstrated efficacy in improving symptoms and stabilizing
serum immunoglobulin levels [28,30]. However, they do not
address the underlying cause of the disease and are associated
with adverse events that add complexity to patient management
and negatively affect the patient’s experience. Additionally,
there is limited guidance on when treatment needs to be
initiated and for how long it should continue.

To date, HSCT remains the only curative approach.
Emerging clinical data suggest that HSCT can be considered at
any stage following the diagnosis of APDS; however, frequent
and severe associated complications require candidates to be
selected carefully based on a multidimensional analysis of each
case. Moreover, HSCT might not address all the manifestations
of hyperactive PI3K outside the immune system, especially
in APDS2 [76].

The emergence of novel, targeted therapies for APDS
may change the natural history of the disease. Leniolisib,

J Investig Allergol Clin Immunol 2025; Vol. 35(2): 87-102
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a highly selective oral PI3K4 inhibitor, restores immune
function and treats the underlying pathology of APDS [66].
During its clinical development, leniolisib demonstrated
efficacy in reducing infections and improving immune-related
symptoms while maintaining a favorable safety and tolerability
profile [67].

Although leniolisib is not yet approved for APDS in
Europe, except in the United Kingdom [81], its targeted action
against PI3K0 pathway hyperactivation suggests long-term
benefits. It may be considered a disease-modifying therapy
owing to its ability to improve the pathognomonic features
of APDS [67].

However, the role of immunomodulatory therapy such as
sirolimus or leniolisib in combination with HSCT remains
unclear. A multicenter retrospective observational study led
by the Inborn Errors Working Party of the European Society
of Immunodeficiencies is planned to address this issue [82].

We recognize that achieving consensus in this area
presents several challenges. A median score of 9 across most
statements, with low dispersion, as seen in Supplementary
Table 3, is surprising, given the heterogeneity of the clinical
experience, variations in diagnostic criteria, and variations in
patient management practices between centers in Spain. This
could be attributed to the lack of well-established evidence on
the manifestations and natural course of APDS, as well as the
potential bias introduced by the limited number of participating
reference centers and their unequal geographical distribution.

Most statements were based on the most reliable evidence
available. Therefore, after reviewing the selected literature,
the panelists agreed with most statements, reflecting a shared
understanding of APDS management despite differences
in clinical practice. Recently, APDS management has been
reviewed and discussed in articles including the Japanese
guidelines [11] and the multicriteria decision analysis by
Abad et al [8], which highlight the unmet needs and scarce
available evidence.

The collaborative effort involved in drafting this consensus
has enhanced the breadth and scope of the recommendations,
ensuring they are representative of the varying clinical
practices and management strategies applied across Spain.
Although discrepancies in practice were noted, this consensus
constitutes a capacity-building exercise that could set
the grounds for a more comprehensive, systematic, and
harmonized multidisciplinary approach across various levels
of care that enables us to bridge gaps in the management of
APDS and improve patient management. Future compilation
of real data could therefore be enhanced, thus facilitating the
identification of gaps in the diagnosis and treatment of APDS.

We also estimated the prevalence of APDS in our setting,
keeping in mind several limitations. Patients seen in the
reference hospitals could have been treated in other centers,
and, thus, counted twice, although this was not verified owing
to limitations in the duplication-checking process.

Responses were received from only 8 of Spain’s
17 Autonomous Regions, with overrepresentation of
the Community of Madrid (13 individuals), Catalonia
(9 individuals), and Andalucia (5 individuals), likely because
Madrid, Barcelona, and Sevilla serve as national referral
centers for IEIs, with the result that most patients were
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reported from said centers. In addition, limitations may arise
in capturing single APDS cases during follow-up, as cases can
be reported by more than 1 specialist.

Although the exact number of people with this condition
at the population level is unknown, the figures we obtained
appear to be consistent with the literature [6]. Our survey
reports 35 patients with genetically confirmed APDS, 75.7%
of whom were over 12 years old. We must also consider the
previously described memory bias, inherent to surveys where
professionals rely on the simple recall of cases [83].

In conclusion, this consensus document was developed
with the objective of providing practical orientation based
on present knowledge of and experience in the treatment of
APDS, an ultrarare IEI that poses important challenges owing
to its complex pathophysiology and variable manifestations.

Although many aspects are the object of ongoing research,
discussion, and debate, clinical and scientific knowledge of
APDS will continue to grow as experience with novel therapies
expands.
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