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Abstract
Background Activated Phosphoinositide 3-Kinase (PI3K) δ Syndrome (APDS), an inborn error of immunity due to upregula-
tion of the PI3K pathway, leads to recurrent infections and immune dysregulation (lymphoproliferation and autoimmunity).
Methods Clinical and genetic data of 28 APDS patients from 25 unrelated families were collected from fifteen Italian centers.
Results Patients were genetically confirmed with APDS-1 (n = 20) or APDS-2 (n = 8), with pathogenic mutations in the 
PIK3CD or PIK3R1 genes. The median age at diagnosis was 15.5 years, with a median follow-up of 74 months (range 6-384). 
The main presenting symptoms were respiratory tract infections alone (57%) or associated with lymphoproliferation (17%). 
Later, non-clonal lymphoproliferation was the leading clinical sign (86%), followed by respiratory infections (79%) and 
gastrointestinal complications (43%). Malignant lymphoproliferative disorders, all EBV-encoding RNA (EBER)-positive at 
the histological analysis, occurred in 14% of patients aged 17–19 years, highlighting the role of EBV in lymphomagenesis 
in this disorder. Diffuse large B-cell lymphoma was the most frequent. Immunological work-up revealed combined T/B cell 
abnormalities in most patients. Treatment strategies included immunosuppression and PI3K/Akt/mTOR inhibitor therapy. 
Rapamycin, employed in 36% of patients, showed efficacy in controlling lymphoproliferation, while selective PI3Kδ inhibi-
tor leniolisib, administered in 32% of patients, was beneficial on both infections and immune dysregulation. Additionally, 
three patients underwent successful HSCT due to recurrent infections despite ongoing prophylaxis or lymphoproliferation 
poorly responsive to Rapamycin.
Conclusions This study underscores the clinical heterogeneity and challenging diagnosis of APDS, highlighting the impor-
tance of multidisciplinary management tailored to individual needs and further supporting leniolisib efficacy.
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EBV · Lymphoma

Introduction

 Activated Phosphoinositide 3-Kinase δ Syndrome (APDS) 
is an Inborn Error of Immunity (IEI) characterized by dys-
regulation of the phosphoinositide 3-kinase (PI3K) signaling 
pathway [1, 2]. PI3K pathway genes are categorized into 
three classes based on their structure and function. Class I 
PI3Ks, which include the p110α, p110β, p110γ, and p110δ 
isoforms, are the most studied and are crucial for regulat-
ing various cellular activities. Among these, the tumor 

suppressor gene PTEN (phosphatase and tensin homolog) 
plays a pivotal role by antagonizing the PI3K pathway. 
PTEN acts as a lipid and protein phosphatase, dephospho-
rylating the 3-position phosphate of phosphoinositides, thus 
inhibiting downstream signaling. Activation of PI3K leads 
to phosphorylation of phosphatidylinositol-4,5-bisphosphate 
(PIP2) into phosphatidylinositol-3,4,5-trisphosphate (PIP3), 
by the catalytic subunit of PI3K (p110δ). PIP3 then recruits 
and activates AKT, a kinase acting as secondary intracellular 
signal to modulate survival and proliferation. AKT targets 
mTOR (mammalian target of rapamycin), a critical regulator 
of cell growth and protein synthesis. mTOR is a component 
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of two complexes, mTORC1 and mTORC2, controlling dif-
ferent cellular functions. In APDS, mutations in PIK3CD or 
PIK3R1 cause an over activation of this pathway, particu-
larly affecting immune cells like B and T lymphocytes [3].

APDS type 1 (APDS1) is caused by heterozygous gain-
of-function (GOF) mutations in the PIK3CD gene, encoding 
the catalytic subunit p110δ of PI3Kδ, an isoform primar-
ily expressed in leukocytes that is crucial for the regulation 
of immune cell activation and differentiation. This leads 
to dysregulated B cell development, impaired class-switch 
recombination, defective T cell regulation, and altered innate 
immunity [1, 2]. Patients typically present with recurrent 
respiratory tract infections (RTI), chronic viral infections, 
autoimmune manifestations, and non-clonal lymphoprolif-
eration with the related risk of developing lymphoma [4].

APDS type 2 (APDS2) is caused by heterozygous loss-of-
function mutations in the PIK3R1 gene, encoding the regula-
tory subunit p85α of PI3Kδ. APDS2 may present a higher 
prevalence of autoimmune manifestations than APDS1, a 
lower incidence and/or severity of respiratory infections, and 
possible syndromic features (short stature, mild intellectual 
disability, facial dysmorphia) [1, 5, 6].

The severity of APDS phenotype varies widely and diag-
nosis relies on identifying the mutations in the PI3K path-
way genes. Management of APDS includes anti-infectious 
prophylaxis and immunosuppression for immune dysregula-
tion [1]. In the most severe cases, hematopoietic stem cell 
transplantation (HSCT) is a potential cure, nevertheless, it 
remains a matter of debate [7]. Emerging therapies target-
ing the PI3K pathway offer promising avenues for treating 
APDS, aiming to restore immune-homeostasis [6, 8–11]. 
The U.S. Food and Drug Administration (FDA) recently 
approved leniolisib as the first tailored therapy for this dis-
ease [12].

Since the APDS discovery in  20134, several reports on 
patients with APDS have been published worldwide [6, 
13–22]. Here, we carefully describe an Italian APDS cohort 
of 28 patients. Given the heterogeneity of APDS, these find-
ings may expand the disease knowledge and improve aware-
ness among pediatric and adult non-immunologists, which 
is crucial to guarantee accurate diagnosis and tailored treat-
ment for affected individuals.

Patients and Methods

Fifteen Italian centers collected data on 28 APDS patients 
(16 females and 12 males) from 25 unrelated families. Six-
teen of them have been reported previously [13, 14, 23–32].

Diagnosis of APDS-1 and APDS-2 were confirmed by 
identifying pathogenic variants in PIK3CD and PIK3R1, 
respectively, by either targeted sequencing or whole exome 
sequencing. Previously undescribed variants were validated 

by phospho-S6 Kinase or phospho-Akt Ser 473 pathway 
assays as recently reported in literature [14, 24].

The study was conducted in accordance with the Declara-
tion of Helsinki. The participants or their parents provided 
written informed consent for the publication of any data 
included in this article, which was approved by the local 
ethical committee of each centre.

Statistical analysis was carried out using GraphPad Prism 
Software. For statistical comparison, a nonparametric Wil-
coxon test was used. A p-value ≤ 0.05 was considered sta-
tistically significant.

Results

Twenty-six patients were alive at the time of data collec-
tion, and had a median age of 19.9 years (3.6–57.5 years). 
The median follow-up time was 74 months (6–384 months).
Two patients died, at the age of 49: p13 due to SARS-CoV-2 
infection and non-Hodgkin lymphoma (NHL); p27 following 
a heart attack, not related to the underlying disease.

Genetics

Twenty out of 28 APDS patients analyzed have been geneti-
cally diagnosed with APDS1. Eleven patients carried the 
heterozygous E1021K mutation, and one patient had the 
E525A mutation in the PIK3CD gene. The mutations 
Y524D, R108L, and P658L have been proven pathogenic 
by S6 phosphorylation assay [14]. P4 carried the E525G 
mutation in PIK3CD, pathogenicity was confirmed by 
hyperphosphorylation in the S473 residue of AKT [24]. 
Of note, p13 had both the pathogenic mutation E525K 
in PIK3CD and an additional heterozygous rare VUS in 
PIK3R1 (V179A).

All 8 patients diagnosed with APDS2 presented splic-
ing site mutations, either in position c.1300–2 A > G or 
c.1425 + 1 G > C. Independently of the position or the 
nucleotide change, both variants led to the deletion of 41 
amino acids in the inter-SH2 domain. The distribution of the 
variants across the protein domains is represented in Fig. 1A.

Table S1 provides a summary of the patient’s genetic 
diagnosis and references for published validation assays.

Clinical Characteristics

Clinical Features at Onset The median age of the clinical 
presentation of APDS was 4.4 years (3 months − 28 years), 
while the diagnosis of IEI arose only later in the evolution 
of the disease (median age 10.5 years; 1–54 years). Finally 
the patients reached the APDS diagnosis at a median age of 
15.5 years (2–54 years) (Fig. 1B).
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The main presenting symptoms were RTI alone (16/28) or 
associated with lymphoproliferation (5/28). Four patients 
presented isolated lymphoproliferation, non-clonal at the 
onset. Other presenting signs were enteropathy and one 
case of autoinflammatory symptoms with a hemophagocytic 
lymphohistiocytosis-like picture (Fig. 1C).

Two patients experienced adult onset: p19 had recurrent 
RTI from the age of 20.5; p15, at 28 years, experienced 
lymphoproliferation (adenopathies, tonsil hypertrophy, and 
hepatosplenomegaly).

One patient, diagnosed due to affected family members 
carrying the pathogenic mutation p.Y524D, is still asymp-
tomatic at the age of 57 years.

Infections Over time, up to 78.6% of patients (n = 22) pre-
sented recurrent RTI despite their absence at onset. Moreo-
ver, 57% of patients needed prolonged antibiotic therapies 
(> 2 weeks) suggesting severe infections.

Six patients had other infections (severe gastroenteritis, 
sepsis, impetigo). One patient (p22) with a CID (combined 
immunodeficiency) phenotype resulted positive for atypical 
mycobacteria on bronchoalveolar lavage; he was treated for 

eleven months and relapsed seven months after the therapy 
withdrawal.

Twelve patients (42.9%) had chronic positive EBV 
viremia in peripheral blood, while EBV-related symptoms 
were detected in only 9 patients (32% of the cohort). All 
the symptomatic patients had chronic viremia. Four out of 
six patients presenting chronic positive EBV viremia were 
tested for EBV serology and showed persistent positivity 
of IgM against the virus capsid antigen (VCA), while IgG 
serology was not informative due to immunoglobulin sup-
plementation. Chronic positive CMV viremia was less com-
mon (6/28), mildly symptomatic only in one case. Other 
patients presented with fever and splenomegaly but com-
pletely cleared the virus after antiviral therapy.

Non-malignant Lymphoproliferation Systemic non-
clonal lymphoproliferative disorders (SNCLD) character-
ized 89% of patients (25/28). At a median age of 7 years 
(range 0.6–30), they showed multiple chronic lymphad-
enopathies, thoracic or gastrointestinal tract lymphoid 
hyperplasia, granulomatous lymphocytic interstitial lung 
disease (GLILD), tonsil hypertrophy, splenomegaly, and 
hepatomegaly.

Fig. 1  Clinical and molecular diagnosis of APDS cohort: gene vari-
ants (A), diagnostic delay (B) and clinical signs at onset (C). Abbre-
viations: ABD, Adaptor-binding domain; BH, Bcl-2 homology 
domain; cSH2, C-terminal SH2; nSH2, N-terminal SH2; RBD, Ras-

binding domain; SH, Src homology domain; VUS, Variant of Uncer-
tain Significance; APDS, Activated PI3K-kinase Delta Syndrome; 
IEI, Inborn Errors of Immunity
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Splenomegaly, affecting 22/28 patients, was the lead-
ing expression of SNCLD and persisted for more than six 
months in 19/22 of cases, associated with hepatomegaly in 
8/28 individuals. Nineteen patients showed chronic lym-
phadenopathies, combined with thoracic and gastrointesti-
nal lymphoid hyperplasia. Uncommon manifestations were 
tonsil hypertrophy (8/28) and GLILD (3/28).

Malignant Lymphoproliferation and Other Malignan-
cies Clonal lymphoproliferative disorders occurred in 4 
(14%) patients at a median age of 18 years (17–19). Two 
patients experienced gastrointestinal EBV-positive diffuse 
large B cell lymphoma (DLBCL), at the age of 19 (p22) and 
18 years (p24), respectively. In the former case, a duodenal 
DLBCL was followed by a further caecal lymphoma with 
histologic features of Hodgkin lymphoma (HL)/DLCBL; in 
the latter, a colonic DLBCL was preceded and followed by a 
cervical nodular lymphocyte-predominant HL. Furthermore, 
there was a case of EBV-positive stage IV anaplastic lym-
phoma in a 17-year-old patient (p27) and a case of EBV-pos-
itive NHL in a 47-year-old patient (p13) (Fig. 2). All patients 
required multiple-line chemotherapies to induce remission. 

Nonetheless, p13 died at 49 years following SARS-CoV-2 
infection and NHL relapse. Further data about malignant 
lymphoproliferation are reported in Tables 1 and 2.

Of note, patient (p9) was initially diagnosed at the age of 
20 with HL requiring multiple therapies: six-cycle ABVD, 
two-cycle IEV, and autologous HSCT. Fourteen years later, 
the first lymph node biopsy was reviewed, recanting the pre-
vious HL diagnosis in favor of non-malignant hyperplastic 
lymphadenopathy with relevant activation of the interfol-
licular area by CD30+, mostly mononucleated cells. This 
was superimposable to a follow-up biopsy performed ten 
years later, after therapies.

The only other malignancy was an ovarian dysgerminoma 
occurring in a 14-year-old female (p7).

Lung Complications Non-infectious lung complications 
affected 54% of patients, aged between 5 and 40 years 
(median 10 years). CT scans identified bronchiectasis, 
nodules, and GLILD in 43%, 25%, and 11% of patients, 
respectively. Additional lung complications were thoracic 
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Fig. 2  Malignant lymphoproliferation in the APDS cohort. Abbrevia-
tions: APDS, Activated PI3K-kinase Delta Syndrome; AL, Anaplastic 
lymphoma; DLBCL, Diffuse Large B Cell Lymphoma; EBER, EBV-
encoded RNA; EBV, Epstein-Barr virus; HL, Hodgkin Lymphoma; 
NHL, Non-Hodgkin Lymphoma; NLPHL, Nodular lymphocyte-pre-
dominant Hodgkin Lymphoma.  Adapted from Rivalta B et  al. Case 

Report: EBV Chronic Infection and Lymphoproliferation in Four 
APDS Patients: The Challenge of Proper Characterization, Ther-
apy, and Follow-Up. Front Pediatr. 2021 Aug 27;9:703853.  https:// 
doi. org/ 10. 3389/ fped. 2021. 703853. PMID: 34540765; PMCID: 
PMC8448282
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lymphadenopathies (3 cases) and partial lung dystelectasis 
with aspecific inflammatory reaction (1 patient).

Gastrointestinal Benign Manifestations Gastrointestinal 
benign disorders involved 43% of patients (7/20 APDS1 vs. 
5/8 APDS2), at a median age of 18.5 years (range 2–45). 
Intestinal lymphoid hyperplasia and inflammatory colitis 
were the most frequent, affecting 4/28 individuals, the lat-
ter associated in 2 cases with an intestinal DLBCL. Other 
gastrointestinal non-neoplastic disorders are specified in 
Table 1.

Autoimmune Disorders Autoimmune manifestations 
occurred in the 21% (6/28) of patients, with a median onset 
age of 19.5 years (5–42 years). The leading manifesta-
tion was autoimmune hemolytic anemia (AIHA), affect-
ing 4/28 patients, combined in one case with autoimmune 
hepatitis (p22), in another with a systemic lupus erythe-
matosus (SLE)-like condition (p9), followed by immune 

thrombocytopenia with renal disease (C3-glomerulopathy 
in p11), and thyroiditis with inflammatory bowel disease 
(IBD) (p24).

A quarter of patients presented cytopenia, with anemia 
being the most common (21%; n = 6), followed by throm-
bocytopenia (4 cases) and neutropenia (1 case). Immune 
cytopenias were more frequent in APDS2 than APDS1 
patients (4/8 vs. 2/20). Multiple causes of cytopenia, such 
as autoimmunity, concomitant infection, or chronic blood 
loss, could be recognized; often contemporary present in a 
single patient .

Neurological Disorders Nine patients (32%) displayed some 
neurological manifestations, most commonly identified at 
a median age of 6.7 years (range 3–31). Mild cognitive 
impairment was reported in 7 patients by physicians during 
clinical evaluation, although it was not confirmed by intel-
lectual quotient evaluation in the majority of cases. Associ-
ated features were anxiety and facial paresthesia, epilepsy, 

Table 1  Clinical features of the APDS cohort

∎ Two episodes per year
§  Gastrointestinal non-neoplastic disorders were: intestinal lymphoid hyperplasia, inflammatory colitis, Crohn's disease, Crohn-like enteropathy, 
indeterminate colitis, eosinophilic enteropathy, celiac disease combined with an EBV-positive anaplastic intestinal lymphoma, gastro-esophageal 
reflux, anal fistula
* Premature ovarian failure, mild growth retardation, and facial dysmorphisms
°Type 2 diabetes, hypertension, overweight, cerebral stroke
^C3 glomerulopathy
** Nasal polyposis
°°Vernal conjunctivitis
^^Premature ovarian failure
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and posterior reversible encephalopathy syndrome (the latter 
probably related to kidney disease).

Immunological Profile

The immunological assessment of this patients’ cohort 
reveals a wide range of cellular and humoral abnormalities 
(Table 3). Eight out of 28 (29%) showed low absolute counts 
of T cells. Expansion of senescent CD57 + CD3 + T cells 
or effector memory subsets was the most common T cell 
alteration, detected in 54% of patients, usually associated 
with normal T cell counts, except for 1 patient with T cell 
lymphopenia. Similarly, 32% of patients showed a reduction 
of naïve T cell (CD4 + or CD8+). Double-negative αβ T 
cells and γδ T cells were increased in a minority of cases (2 
and 1 out of 28, respectively).

B cells lymphopenia occurred in 43% of cases. Inde-
pendently from the total B cell count, 54% of patients dis-
played low switched memory B cells (in the majority of 
cases coupled with an abnormal T cell phenotype). More-
over, 36% of patients presented high transitional B cell 
counts. In the B cell compartment, less common features 
were a reduction of naïve B cells and increase of plasma-
blasts (11% each).

In line with the B cell phenotype observed, humoral 
abnormalities were frequent: high IgM levels (39%), low 
IgA levels (39%), low IgG levels (21%), while elevated IgG 
and IgA levels were less frequent.

As illustrated in Table 3, most patients showed vari-
able combinations of T and B cells defects (20/28, 
71%). Few cases presented with immunological profiles 
resembling other primary immunodeficiencies, such 
as: combined immunodeficiency (4/28), autoimmune 
lymphoproliferative syndrome (1/28), common variable 
immunodeficiency (1/28), hyper-IgM syndrome (1/28). 
This heterogeneous immunological profile highlights 
both T and B cell dysregulation as hallmark features of 
APDS, particularly affecting memory and naïve B cell 
populations, as well as senescent T cell expansion in over 
half of the patients.

Treatment

Supportive/Symptomatic Treatment Most patients (n = 19) 
received Ig supplementation, all of them suffered from 
recurrent RTI. Eight out of 19 had hypogammaglobuline-
mia. The remaining 11 patients received Ig supplementation 
despite normal to high IgG serum levels: 7/11 due to lack of 
specific antibody response; 3/11 due to RTI and consider-
ing the molecular diagnosis of APDS; one patient started 
supplementation just for clinical indication due to RTI and 
benefited.

Thirteen patients underwent additional prophylaxis with 
either trimethoprim/sulfamethoxazole or azithromycin. One 
patient received azithromycin without immunoglobulins due 
to recurrent RTI and bronchiectasis.

Compared to the onset of infectious episodes, prophylaxis 
was introduced later. Median delay time was: 5.5 years for 
Ig supplementation (range 0.1–33); 6 years for antimicrobial 
prophylaxis (range 0–39).

Steroids Only 5/28 patients received steroid immunosup-
pressive therapy starting at a median age of 21 years (range 
3–40). None of the patients showed a complete and persis-
tent clinical benefit from steroids alone. Two patients needed 
multiple immunosuppressants to partially control immune 
dysregulation (SLE and IBD, respectively) (Table 2S).

PI3K/Akt/mTOR Inhibitor Treatment Rapamycin, an inhibi-
tor of the mammalian target of rapamycin (mTOR), can 
modulate the dysregulated PI3Kδ-signaling pathway [33, 
34], reducing lymphoproliferation [34, 35] and improving 
immune dysregulation even in the long-term [6]. Rapamycin 
was introduced at a median age of 14 (3–31 years) in 10/28 
patients (36%). Two patients received rapamycin after other 
immunosuppressants, in 8 patients it was first-line therapy. 
Eight (80%) patients showed remarkable improvement of 
non-clonal lymphoproliferation, benefit was absent or par-
tial in only two cases. Overall, rapamycin was well toler-
ated without any significant side effects. P28 showed partial 
improvement with theophylline administration, which seems 
to inhibit mTOR pathway [26] (Table 2S).

Selective PI3Kδ Inhibitors  Selective PI3Kδ inhibitors are a 
promising therapeutic approach for APDS. In Italy, leniolisib 
is only available for Compassionate Drug Use (CDU).

 Nine patients (32%) accessed the selective PI3Kδ 
inhibitor leniolisib as tailored therapy with a high safety 
profile and improvements: reduction of infection rate, 
lymphoproliferation, lung complications and autoimmun-
ity (Fig. 3). The median follow-up under therapy is 4.5 
years (range 0.2–5). Retrospective data collection does not 
allow a comprehensive analysis, however, for 4 patients 
more detailed information are available. Patient p6 did 
not show EBV reactivation or thrombocytopenia relapses, 
and a significant reduction of the spleen and liver size was 
documented; p9 did not have a recurrence of infections or 
cytopenias and improved erythema pernio as well as lym-
phocyte typing; p26 normalized transitional and naive B 
cells and reduced hyper-IgM; p28 normalized naive B cells 
and slightly increased memory unswitched and switched 
B cells (Table 3S). The first clinical trial on selective 
PI3Kδ inhibitors efficacy was conducted in 2015–2016 on 
patients older than 12: the median age at starting treatment 
in our cohort was 22 years (range 12–33 years). Before 
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receiving leniolisib, p25 and p28 took part in phase 1b, 
an open-label, multicenter, exploratory study aimed to 
assess the safety, tolerability, pharmacokinetics, and effi-
cacy of seletalisib (2015–002900-10) and its extension 
study (2015–005541). Even with this compound, patients 
improved clinically with favorable risk-benefit profiles [9]. 
Patients p6, p14, p18, p26, and (after the end of seletalisib 
clinical trial) p25, participated in a randomized, placebo-
controlled phase 3 trial on leniolisib (#NCT02435173) in 
2015–2022 and its extension study (#NCT02859727) cur-
rently ongoing (Table 2S) [32, 36].

Hematopoietic Stem Cell Transplantation Three patients (p1, 
p2, p8) affected by APDS1 underwent hematopoietic stem 
cell transplantation (HSCT) at 9.9, 7.3, and 14.5 years of 
age. Indications to transplant were either recurrent infections 
despite ongoing prophylaxis (p1) and lymphoproliferation 
poorly responsive to rapamycin (p2, p8). Donors were all 
unrelated (9/10-HLA matched for p1 and p2; 10/10 for p8). 
All patients reached complete remission of the disease mani-
festations. Graft versus Host Disease (GVHD) was observed 
only in p1, experiencing grade III intestinal aGVHD at 
day + 21, grade II skin aGVHD at day + 30. She developed 

Table 2  Detailed features of the malignant lymphoproliferative manifestations in the cohort

ABVD Adriamycin, Bleomycin, Vinblastine, Dacarbazine; AIH Autoimmune hepatitis; AIHA Autoimmune hemolytic anemia; APDS Acti-
vated PI3K-kinase Delta Syndrome; CHOP Cyclophosphamide, Doxorubicin, Vincristine, Prednisolone; CID Combined Immunodeficiency; 
DLBCL Diffuse Large B Cell Lymphoma; EBER EBV-encoded RNA; EBV Epstein-Barr virus; GLILD Granulomatous Lymphocytic Interstitial 
Lung Disease; HL Hodgkin Lymphoma; HSCT Hematopoietic Stem Cell Transplantation; IBD Inflammatory Bowel Disease; NA Not Applica-
ble; NHL Non-Hodgkin Lymphoma; NLPHL, Nodular lymphocyte-predominant Hodgkin Lymphoma; R-CHOP, Rituximab, Cyclophosphamide, 
Doxorubicin, Vincristine, Prednisolone; VUS, Variant of uncertain significance

P13 P22 P24 P27

Sex Male Male Female Female
ADPS-related variant PIK3CD c.1573G > A

(PIK3R1 c.536T > C VUS)
PIK3CD p.E1021K PIK3R1 c.1425 + 1G > T PIK3CD c.G3061A 

p.E1021K
Age at APDS onset 5 years 6 months 8 months 13 years
Age at APDS diagnosis 48 years 18 years 30 years 49 years
Age at first malignant lym-

phoproliferation diagnosis
47 years 19 years 18 years 17 years

Type of malignant lym-
phoproliferation

NHL • DLBCL • NLPHL Anaplastic lymphoma
• HL/DLBCL • DLBCL

• NLPHL
Localization of malignant 

lymphoproliferation
N.A. Duodenum -> caecum Cervical -> colon -> 

cervical
Bowel

EBER association with 
malignancy

Yes Yes Yes Yes

Treatment N.A. • 3 R-CHOP + 2 CHOP 
cycles (DLBCL)

• 3 ABVD cycles + radio-
therapy (NLPHL)

Chemotherapy and 
autologous HSCT

• Rituximab + Ibruti-
nib + Bendamustine (HL/
DLBCL)

• 5 R-CHOP cycles + 2 
Rituximab infusions 
(DLBCL)

• NLPHL
Outcome Relapse Remission Remission Remission
EBV chronic viremia Yes Yes Yes No
Main clinical features • Recurrent respiratory 

infections
• Recurrent respiratory 

infections
• Recurrent respiratory 

infections
• Recurrent respiratory 

infections
• Hepatosplenomegaly • Hepatosplenomegaly • Hepatosplenomegaly • GLILD
• Colitis • AIH + AIHA • Autoimmune thyroiditis • Celiac disease

• Colitis • IBD
Immunological phenotype CID-like CID-like CID-like T effector skewed dif-

ferentiation + humoral 
defect

Status Deceased Alive Alive Deceased
Age of death 49 years NA NA 49 years
Cause of death COVID disease and lym-

phoma reactivation
NA NA Heart attack
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an autoimmune neurological complication 18 months after 
HSCT with central nervous system lesions detectable at 
magnetic resonance, requiring prolonged immunosuppres-
sion. Immunosuppressive drugs were progressively tapered 
and withdrawn except for immunoglobulins, continued for 
immune-modulatory purposes, without relapse. None of the 
other two patients is currently under immunosuppression or 
anti-infectious prophylaxis. Median follow-up after HSCT 
was 4 years at the time of data collection. All patients are 
currently alive and well, maintaining full donor chimerism 
(Table 4S).

Discussion

The Italian cohort of 28 APDS patients shows features com-
parable to the previously described cohorts (Table 4) and 
displays a narrow genetic variability, despite it reproduces 
the well-known phenotypic heterogeneity of the disease.

Most patients experienced early onset characterized by 
recurrent RTI with or without lymphoproliferation. Never-
theless, the referral for the suspicion of IEI and the final 
diagnosis of APDS occurred with a median delay of 4 and 10 
years, respectively, after onset. The delay in APDS diagnosis 
was significant and related to an initial delay in the suspi-
cion of IEI, amplified by the time required for the genetic 
confirmation. The diagnostic gap was longer for patients 
experiencing the onset in adulthood or before APDS dis-
covery (2013). Still, the diagnosis can be challenging since 
pathognomonic biomarkers are lacking, and genetic analysis 
driven by clinical suspicion is crucial.

The prevalent phenotype was recurrent RTI with signifi-
cant bronchospasm, possibly related to the role of PI3Kδ in 
the pathogenesis of bronchial asthma [37] and severe allergic 

inflammation [37]. Indeed, a percentage of asthmatic indi-
viduals, poorly responsive to standard therapies, may carry 
PI3K pathway dysfunction and thus represent good candi-
dates for administration of selective inhaled PI3Kδ inhibi-
tors, demonstrated to block asthma-related inflammation in 
mice [10]. In some APDS cases, the dysregulation of the 
PI3Kδ pathway locally and the recurrent infections may con-
tribute to increased airway remodeling, leading to chronic 
lung complications (such as bronchiectasis and interstitial 
lung disease). APDS patients with severe asthma may ben-
efit from selective inhibitors, not only for their positive effect 
on the immune function but also on the airway epithelium 
and local leukocyte trafficking.

EBV susceptibility is another common feature among 
APDS patients. However, severe mononucleosis is not typi-
cal in this cohort, as in other reports [6, 13–20]. Conversely, 
EBV viremia may remain positive, at low levels, for a long 
time. Viral persistence worsens hyperactivation of the PI3K/
Akt/mTOR pathway [4, 38, 39] and increases the risk of 
EBV-related lymphomas, similarly to other IEI [40].

Only one patient of this cohort was affected by recurrent 
mycobacteriosis, a susceptibility that probably stems from 
a monocytes-derived macrophage (MDM) impairment. As 
previously demonstrated, MDM from this patient failed to 
control the Mycobacterium bovis Bacillus Calmette Guèrin 
(BCG) infection in vitro. The defect was reversible by adding 
the selective p110δ inhibitor in vitro, suggesting a disease-
specific vulnerability in exposed patients [27]. This suscepti-
bility is usually more evident in patients from endemic areas 
and could suggest an immunological worsening [10].

In different APDS cohorts, including ours, SNCLD 
manifests with multiple-site lymph node involvement, espe-
cially in the thoracic and abdominal areas, occurring con-
comitantly with splenomegaly [13–20, 22]. In our patients, 

Table 3  Immunological features of the APDS cohort
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SNCLD occurred with a frequency comparable to other 
larger cohorts [6, 16, 17, 19], without differences in APDS1 
vs.  APDS26,18.

In our cohort, four patients were diagnosed with lym-
phoma, DLBCL being the most frequent. EBV-encoded 
small RNA was positive in all cases in the context of 
EBV chronic viremia, which can often be associated with 
lymphoma, underscoring its role in lymphomagenesis 
[13, 15–17, 19]. The types and prevalence of lymphomas 
observed in our study align with existing literature (range 
10–13%)6,13,16,17,19, mainly DLBCL and HL [6, 13, 16, 
17] and mucosa-associated lymphoid tissue (MALT) lym-
phoma [19]. The cohorts’ age influences the prevalence of 
the abovementioned lymphomas, set to grow over time [6]. 
Indeed, median age range is 17.2–19.9 years in our work 
and others [6, 16, 17]. In contrast, studies including younger 
patients, display lower lymphoma prevalence [15, 18]. The 
case of p9, whose diagnosis of HL was revised years later, 
highlights how the knowledge of atypical phenotypes (e.g., 
SNCLD) in the setting of IEIs is crucial to provide accurate 
diagnosis. Histological revision, performed before APDS 
diagnosis, may help physicians in shaping an adequate long-
term follow-up, avoiding inappropriate therapies. Indeed, p9, 
following the therapies for the supposed HL, developed car-
diopathy in a complex clinical scenario dominated by severe 
infections, lymphopenia, arthro-myalgias, and chilblain 
lupus [31]. Similar cases would deserve a watchful-waiting 
approach and immunosuppression (such as rapamycin) or 
targeted therapies to contrast the lymphoproliferative drive 
instead of aggressive and potentially detrimental therapies.

Non-neoplastic gastrointestinal manifestations affected 
almost half of patients, similarly to larger cohorts [13, 15, 16, 

19], and consisted mainly of intestinal lymphoid hyperplasia 
and inflammatory colitis. PI3K/Akt pathway plays a pivotal 
role in regulating intestinal epithelial proliferation: in vivo, 
experiments suggest that PI3K inhibitors attenuate mucosal 
proliferation [41]; loss-of-function mutations in phosphatase 
and tensin homolog (PTEN), a PI3K inhibitor, favor gastric 
cancer [41–43]. Hence, downregulation of the PI3K pathway 
may reduce proliferation and risk of malignancy [44].

Autoimmune cytopenias (mainly AIHA), showed a 
delayed onset over the course of the disease, as mentioned 
in the literature [13]. Only one patient presented nephrop-
athy, as the first manifestation of APDS, which deserves 
appropriate diagnosis and follow-up, even after HSCT [45]. 
Non-clonal lymphoproliferation is confirmed as the domi-
nant expression of immune dysregulation in APDS. Other 
immune dysregulation disorders were less common when 
compared to other primary immune regulatory disorders 
(PIRDs) [13].

Neurological disorders interested the 32% of patients, in 
line with literature, reporting an occurrence from 10 to 40% 
across various APDS cohorts [6, 13, 15–19]. In our study 
and others [17], neurological disturbances, especially mild 
retardation, skewed towards APDS2 subcohort, possibly due 
to the ubiquitous expression of p85α protein, encoded by 
PIK3R1 gene, whose mutation is also causative for SHORT 
syndrome, associated with neurodevelopmental abnormali-
ties [46, 47]. This can potentially explain neurologic dis-
ease onset and progression, supporting the role of PI3Kδ 
signaling in axonal growth and regeneration, neuroprotec-
tion, vesicular trafficking, neuronal connectivity [48, 49], 
and neuroinflammation [50]. Similarly, few studies mention 
PI3Kδ involvement in murine psychotic behavior [51] and 

Fig. 3  Clinical phenotype 
of APDS patients receiving 
leniolisib prior to treatment 
and after initiation. The graph 
represent the variation of 
clinical signs before (dark grey) 
and after (light grey) starting 
leniolisib
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in PTEN-mediated human autistic disorders [52]. Despite 
advancements, diagnosing mild mental retardation remains 
challenging, particularly in patients with normal IQ scores 
but subtle cognitive deficits. Therefore, comprehensive neu-
ropsychiatric evaluations are necessary to accurately diag-
nose and support APDS patients.

The dominant immunological pattern of skewed effec-
tor T cell differentiation associated with a humoral defect 
and a CID-like condition is commonly reported in APDS. 
These features were common in the 4 patients developing 
lymphoma, suggesting that a critical combination of immune 
deficiency (with chronic EBV viremia) and reduced immune 
surveillance prompts the malignant evolution of lymphopro-
liferation. However, an in-depth analysis was impossible 
being a multicentre-retrospective study: patients were tested 
at different ages, using variable cytofluorimetric markers, 
not always with extended immunophenotyping.

In our cohort, immunosuppressive drugs were used only 
in selected cases (complex autoimmune phenotype). Rapa-
mycin was preferred, given the prevalence of non-clonal 
lymphoproliferation. The treatment was beneficial, reduc-
ing LPDs, and well tolerated, as generally reported [6, 26, 
33–35]. Clinical trials on small-molecule inhibitors of the 
PI3K signaling [8, 9, 34, 36, 53] paved a new perspective 
for APDS management. The FDA has recently approved len-
iolisib for APDS patients older than twelve years [12], and 
the drug is also under review by the European Medicines 
Agency. One-third of the described patients are treated with 
leniolisib with no side effects and considerable improve-
ments. These promising results need confirmation with 
longer follow-up on larger cohorts, to potentially identify 
PI3K selective inhibitors as long-term treatment or bridge-
therapy before HSCT. For 3 patients, transplant was moti-
vated by the clinical need to control persistent disease mani-
festations, the availability of an HSC donor, along with the 
young age at onset, and absence of suitable compound for 
selective PI3K-inhibition at the time, which represented a 
significant risk for prolonged exposure to infectious and 
lymphoproliferative complications.

Interestingly, only two patients in the present cohort died: 
one for lymphoma relapse in the context of COVID19 infec-
tion, while the other had a traumatic death (7%). A recent 
work reported lymphoma and HSCT complications as major 
causes shortening life expectancy in the 11% of patients. 
This is not the case of our study, although larger numbers 
would be desirable to make appropriate comparison [54].

Limitations

The retrospective nature of the present study carries 
some limitations. The number of cases may be underesti-
mated by poor disease awareness among physicians. The 

suspicion of immunodeficiency was often delayed and 
the initial immunological work-up was usually performed 
years before APDS diagnosis. Thus, immunological data 
available were not contemporary to the onset and based on 
general parameters from different centers, impairing the 
analysis of some disease-specific features.

Conclusions

Our APDS cohort displays a classical onset dominated by 
recurrent respiratory infections, often mild, although fre-
quent and associated with airway remodeling. The suspicion 
of IEI and the diagnosis of APDS are usually delayed. Given 
the typical multisystem involvement, awareness among dif-
ferent specialists (including pediatric and adult physicians) 
may improve referrals and timely recognition of the disease.

Lymphoproliferation arises and evolves overtime, requir-
ing careful monitoring: immunodeficiency with underlying 
chronic EBV appears a relevant risk factor for malignant 
transformation. Appropriate genetic diagnosis and treatment 
may limit this phenomenon. Cooperation between special-
ists may support the appropriate histological interpretation, 
avoiding excessive medicalization.

Targeted therapies may guarantee lower side effects and 
hospitalizations, reducing the indication to HSCT as defini-
tive therapy. Extended studies on the long-term benefits of 
these therapies in a larger cohort may ensure tailored treat-
ment paths for APDS patients.
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