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Seletalisib for activated PI3Kδ syndromes: open-label Phase 1b and extension studies
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Mutations in two genes can result in activated phosphatidylinositol 3-kinase delta (PI3Kδ) syndrome (APDS), a rare immunodeficiency disease with limited therapeutic options.

Seletalisib, a potent, selective PI3Kδ inhibitor, was evaluated in patients with APDS1 and APDS2. In the Phase 1b study (EudraCT: 2015-002900-10) patients with genetic and clinical confirmation of APDS1 or APDS2 received 15-25 mg/day seletalisib for 12 weeks. Patients could enter an extension study (EudraCT: 2015-005541). Primary endpoints were safety and tolerability, with exploratory efficacy and immunology endpoints. Seven patients (median age 15 years; APDS1 n=3; APDS2 n=4) received seletalisib; 5 completed the Phase 1b study.

Extension study: 4 patients entered, 1 withdrew consent (Week 24), 3 completed ≥84 weeks' treatment. In the Phase 1b study, patients had improved: peripheral lymphadenopathy (n=2); lung function (n=1); thrombocyte counts (n=1); chronic enteropathy (n=1). Overall, effects were maintained in the extension. In the Phase 1b study, percentages of transitional B cells decreased, naive B cells increased, and senescent CD8 T cells decreased (human cells); effects were generally maintained in the extension. Seletalisib-related adverse events occurred in 4/7 patients (Phase 1b study: hepatic enzyme increased; dizziness; aphthous ulcer, arthralgia, arthritis, increased appetite, increased weight, restlessness, tendon disorder; potential drug-induced liver injury) and 1/4 patients (extension: aphthous ulcer). Serious adverse events occurred in 3/7 patients (Phase 1b study: hospitalization, colitis and potential drug-induced liver injury) and 1/4 (extension: stomatitis). Patients with APDS receiving seletalisib had improvements in variable clinical and immunological features and a favorable risk-benefit profile was maintained for ≤96 weeks.
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Key points

Seletalisib, a PI3Kδ inhibitor, was evaluated in 7 patients with APDS1 and APDS2.

Following treatment, patients had improvements in clinical and immunological features.

Seletalisib had a favorable risk-benefit profile in a Phase 1b study up to 96 weeks.

Introduction

Activated phosphatidylinositol 3-kinase delta (PI3Kδ) syndrome (APDS) is a rare genetic form of primary immunodeficiency with diverse clinical manifestations resulting from overactivity of PI3Kδ signaling that affects both B and T cells. This subtype of primary immunodeficiency was first described in 2013 [START_REF] Angulo | Phosphoinositide 3-kinase delta gene mutation predisposes to respiratory infection and airway damage[END_REF][START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF], and currently over 200 cases of APDS have been identified worldwide [START_REF] Michalovich | Activated PI3 Kinase Delta Syndrome: From Genetics to Therapy[END_REF][START_REF] Maccari | Disease Evolution and Response to Rapamycin in Activated Phosphoinositide 3-Kinase delta Syndrome: The European Society for Immunodeficiencies-Activated Phosphoinositide 3-Kinase delta Syndrome Registry[END_REF]. Patients often present with recurrent respiratory infections in infancy or childhood followed by lymphoproliferation, immune dysregulation phenomena -in particular, autoimmune cytopenia and inflammatory bowel diseasebronchiectasis, and recurrent herpes virus infections, plus an increased risk of lymphoma [START_REF] Angulo | Phosphoinositide 3-kinase delta gene mutation predisposes to respiratory infection and airway damage[END_REF][START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Maccari | Disease Evolution and Response to Rapamycin in Activated Phosphoinositide 3-Kinase delta Syndrome: The European Society for Immunodeficiencies-Activated Phosphoinositide 3-Kinase delta Syndrome Registry[END_REF][START_REF] Elgizouli | Activating PI3Kdelta mutations in a cohort of 669 patients with primary immunodeficiency[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF]. Abnormally high serum IgM and low serum IgG2 and IgA are commonly reported [START_REF] Angulo | Phosphoinositide 3-kinase delta gene mutation predisposes to respiratory infection and airway damage[END_REF][START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Coulter | Clinical spectrum and features of activated phosphoinositide 3-kinase delta syndrome: A large patient cohort study[END_REF][START_REF] Lucas | Heterozygous splice mutation in PIK3R1 causes human immunodeficiency with lymphoproliferation due to dominant activation of PI3K[END_REF], and the B and T cell profile is characterized by high numbers of transitional B cells, low numbers of memory B cells, and high numbers of senescent T cells [START_REF] Angulo | Phosphoinositide 3-kinase delta gene mutation predisposes to respiratory infection and airway damage[END_REF][START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF][START_REF] Coulter | Clinical spectrum and features of activated phosphoinositide 3-kinase delta syndrome: A large patient cohort study[END_REF][START_REF] Lucas | Heterozygous splice mutation in PIK3R1 causes human immunodeficiency with lymphoproliferation due to dominant activation of PI3K[END_REF].

Two different genetic causes of APDS have been described, resulting from mutations in the PIK3CD (APDS1) and PIK3R1 genes (APDS2) encoding the catalytic p110δ subunit and the regulatory p85α subunit of PI3Kδ, respectively [START_REF] Angulo | Phosphoinositide 3-kinase delta gene mutation predisposes to respiratory infection and airway damage[END_REF][START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF][START_REF] Lucas | Heterozygous splice mutation in PIK3R1 causes human immunodeficiency with lymphoproliferation due to dominant activation of PI3K[END_REF][START_REF] Deau | A human immunodeficiency caused by mutations in the PIK3R1 gene[END_REF]. APDS1 and APDS2 share most clinical features, though neurological and developmental manifestations appear to be predominantly associated with APDS2, and bronchiectasis is more frequent in APDS1 [START_REF] Michalovich | Activated PI3 Kinase Delta Syndrome: From Genetics to Therapy[END_REF][START_REF] Maccari | Disease Evolution and Response to Rapamycin in Activated Phosphoinositide 3-Kinase delta Syndrome: The European Society for Immunodeficiencies-Activated Phosphoinositide 3-Kinase delta Syndrome Registry[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF][START_REF] Coulter | Clinical spectrum and features of activated phosphoinositide 3-kinase delta syndrome: A large patient cohort study[END_REF].

As there is no approved targeted APDS treatment, current therapy includes antibiotic prophylaxis and immunoglobulin replacement therapy (IGRT) to manage recurrent infections and hypogammaglobulinemia, and steroids and other immunosuppression drugs for immune dysregulation [START_REF] Maccari | Disease Evolution and Response to Rapamycin in Activated Phosphoinositide 3-Kinase delta Syndrome: The European Society for Immunodeficiencies-Activated Phosphoinositide 3-Kinase delta Syndrome Registry[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF][START_REF] Coulter | Clinical spectrum and features of activated phosphoinositide 3-kinase delta syndrome: A large patient cohort study[END_REF]. Treatment options include the mammalian target of rapamycin (mTOR) inhibitor rapamycin, which acts on the PI3K/protein kinase B (AKT)/mTOR signaling pathway [START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF][START_REF] Coulter | Clinical spectrum and features of activated phosphoinositide 3-kinase delta syndrome: A large patient cohort study[END_REF][START_REF] Wang | Report of a Chinese Cohort with Activated Phosphoinositide 3-Kinase delta Syndrome[END_REF], and was recently shown to reduce lymphoproliferation in 26 patients, with lower responses in cytopenia and bowel inflammation [START_REF] Maccari | Disease Evolution and Response to Rapamycin in Activated Phosphoinositide 3-Kinase delta Syndrome: The European Society for Immunodeficiencies-Activated Phosphoinositide 3-Kinase delta Syndrome Registry[END_REF]. A case of a young, female patient with APDS2 has suggested that theophylline treatment could reduce lymphoproliferation, improve immunologic abnormalities and reduce infections requiring antibiotics [START_REF] Valencic | Theophylline as a precision therapy in a young girl with PIK3R1 immunodeficiency[END_REF]. To date, hematopoietic stem cell transplantation (HSCT) is the only definitive curative option. Two series of patients treated with HSCT reported survival rates of 9/11 and 7/9 patients, improvements in most clinical symptoms and significant improvements in humoral immunity [START_REF] Nademi | Hematopoietic stem cell transplant in patients with activated PI3K delta syndrome[END_REF][START_REF] Okano | Hematopoietic stem cell transplantation for progressive combined immunodeficiency and lymphoproliferation in patients with activated phosphatidylinositol-3-OH kinase delta syndrome type 1[END_REF]. To address the PI3Kδ overactivity, several PI3Kδ inhibitors are in development for APDS1, but not APDS2, including leniolisib, for which initial results are encouraging [START_REF] Rao | Effective "activated PI3Kdelta syndrome"-targeted therapy with the PI3Kdelta inhibitor leniolisib[END_REF], and nemiralisib [START_REF](PD) Study of Repeat Doses of Inhaled GSK2269557 in Patients With APDS/PASLI[END_REF].

Seletalisib is a potent and selective oral PI3Kδ inhibitor with potential for patients with APDS [START_REF] Allen | Seletalisib: Characterization of a Novel, Potent, and Selective Inhibitor of PI3Kdelta[END_REF][START_REF] Helmer | A Dual-Administration Microtracer Technique to Characterize the Absorption[END_REF][START_REF] Helmer | First-in-human studies of seletalisib, an orally bioavailable small-molecule PI3Kdelta inhibitor for the treatment of immune and inflammatory diseases[END_REF]. We assessed the ability of seletalisib to block PI3K signaling in T cell blast cultures from patients with APDS1 and APDS2. We 

Materials and Methods

Translational research

The effect of seletalisib on the expression of AKT phosphorylated at Ser473 (pAKT S473 ) was determined by flow cytometry in T cell blast cultures generated from two healthy donors (female aged 55 years and unknown blood bank sample), three patients with APDS1 (female aged 8 years and two males aged 15 and 16 years) and three patients with APDS2 (female aged 6 years and two males aged 5 and 22 years). Details are given in the Supplemental Material.

Clinical studies

Study design

The Phase 1b, open-label, multicenter, exploratory study aimed to assess the safety, tolerability, pharmacokinetics and efficacy of seletalisib in patients with APDS. Patients were recruited in four centers in France, Germany, Italy and Spain. This study comprised a screening period of up to 19 days, and a 12-week treatment period. Patients who completed the study could enter an extension study. Screening for the extension took place at Week 12 of the Phase 1b study, with treatment re-initiated ≤14 days thereafter. Details are supplied in Supplemental Table I.

Both studies were conducted in accordance with the Declaration of Helsinki and the protocols were approved by the relevant ethics committees. All patients provided written informed consent prior to entry into each study.

Patient population

Inclusion criteria: patients (≥12 years of age) with a confirmed genetic diagnosis of APDS and currently active clinical manifestations related to APDS were eligible. For the extension study, patients must have completed the Phase 1b study and be expected to gain reasonable benefit from seletalisib treatment.

Exclusion criteria: treatment with mTOR inhibitors within the previous 6 weeks or with cyclosporine, history of clinically significant gastrointestinal conditions considered incompatible with the study in the previous 12 months (including inflammatory bowel disease, peptic ulcers, or recurrent colitis with rectal bleeding); positive test for human immunodeficiency virus, hepatitis B or C; severe infection during screening; history of allogeneic bone marrow transplantation; known, latent or high risk of tuberculosis infection; high levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase or total bilirubin; or history of, or known risk factors for, liver disease. Patients with no clinical manifestations or only advanced bronchiectasis in the previous 12 months, body weight ≤20 kg, current or previous lymphoma, low white blood cells, or a low absolute neutrophil count were excluded. Patients with new significant uncontrolled condition or ongoing drug-related serious adverse events (SAE) from the Phase 1b study were excluded from the extension study.

Treatment

In the Phase 1b study, all patients received oral seletalisib 15-25 mg once daily (based on body weight ≥20-≤35 kg, 15 mg; >35-≤50 kg, 20 mg; >50 kg, 25 mg). Dose adjustments could be made up to a maximum of 45 mg once daily.

In the extension study, patients initially received the same dose as at the end of the Phase 1b study. Dose adjustments were permitted.

Endpoints

In the Phase 1b study, the primary endpoint was safety and tolerability, including incidence and type of adverse events (see Supplemental Table I for definitions). The secondary endpoint was plasma concentration of seletalisib up to 12 weeks. Exploratory efficacy endpoints included changes in clinical features and disease activity. Details of the exploratory efficacy endpoints, and the exploratory immunology and pharmacodynamic endpoints are given in Supplemental Table I.

The extension study had the same endpoints as the Phase 1b study, with the exception of responder status as assessed by the investigator. The results for the extension study are reported after the Phase 1b results.

Statistical analysis

No formal sample size calculation was performed. Descriptive statistics were presented for safety and efficacy data in both studies. Details and definitions of the analysis sets are provided in Supplemental Table I.

Results

Translational data

Seletalisib potently inhibited PI3K signaling, measured by the reduction in the proportion of pAKT + cells among T cell blasts generated from peripheral blood lymphocytes of patients with APDS1 and APDS2 (Fig. 1 and Supplemental Fig. 1). Inhibition occurred both in the absence and presence of T cell activation induced by anti-CD3 stimulation. The ranges of IC50 values were similar for T cell blasts from patients with APDS1 and APDS2. The geometric mean (range) IC50 was: 8 (3-15) nM for APDS1 and 13 [START_REF] Lucas | Heterozygous splice mutation in PIK3R1 causes human immunodeficiency with lymphoproliferation due to dominant activation of PI3K[END_REF][START_REF] Deau | A human immunodeficiency caused by mutations in the PIK3R1 gene[END_REF][START_REF] Wang | Report of a Chinese Cohort with Activated Phosphoinositide 3-Kinase delta Syndrome[END_REF][START_REF] Valencic | Theophylline as a precision therapy in a young girl with PIK3R1 immunodeficiency[END_REF][START_REF] Nademi | Hematopoietic stem cell transplant in patients with activated PI3K delta syndrome[END_REF][START_REF] Okano | Hematopoietic stem cell transplantation for progressive combined immunodeficiency and lymphoproliferation in patients with activated phosphatidylinositol-3-OH kinase delta syndrome type 1[END_REF][START_REF] Rao | Effective "activated PI3Kdelta syndrome"-targeted therapy with the PI3Kdelta inhibitor leniolisib[END_REF][START_REF](PD) Study of Repeat Doses of Inhaled GSK2269557 in Patients With APDS/PASLI[END_REF][START_REF] Allen | Seletalisib: Characterization of a Novel, Potent, and Selective Inhibitor of PI3Kdelta[END_REF][START_REF] Helmer | A Dual-Administration Microtracer Technique to Characterize the Absorption[END_REF][START_REF] Helmer | First-in-human studies of seletalisib, an orally bioavailable small-molecule PI3Kdelta inhibitor for the treatment of immune and inflammatory diseases[END_REF][START_REF] Ben-Yakov | Liver disturbances in activated phosphoinositide 3-kinase delta syndrome[END_REF][START_REF]Extension to the Study of Efficacy of CDZ173 in Patients With APDS/PASLI[END_REF] nM for APDS2 in the absence of anti-CD3 (in healthy donors the pAKT signal was too low to calculate reliable IC50 data). In the presence of anti-CD3, geometric mean (range) IC50 was: 17 (9-42) nM for healthy donors; 21 (7-50) nM for APDS1; and 28 (20-33) nM for APDS2.

Clinical study results

Patient disposition, demographics and baseline characteristics

In the Phase 1b study, seven patients received seletalisib, of whom five completed the study.

Two patients discontinued due to treatment-emergent adverse events (TEAEs), one after 16 days and one after 42 days of treatment.

Four patients entered the extension study and received seletalisib. Three patients completed ≥84 weeks of treatment in the extension study; one patient withdrew consent at Week 36 due to personal reasons. Most patients were adolescents; median age was 15 years in the Phase 1b study and 13.5 years in the extension study (range 12-24 years for both studies). Three patients had APDS1 and four patients had APDS2; two with APDS1 and two with APDS2 entered the extension study. The patients had heterogeneous disease heterogeneous clinical presentations (Table I) and baseline immunological profiles (Table II). Most patients had CD19 + B cell lymphopenia and some had low CD4 + T cell counts with corresponding high CD8 + T cell counts. Most patients had high IgM and low IgA serum levels.

Pharmacokinetics

Duration of seletalisib exposure for individual patients is given in Supplemental Fig. 2.

In the Phase 1b study, geometric mean plasma trough concentrations of seletalisib over time demonstrated that patient exposure to seletalisib was as expected. Plasma concentrations by individual patient are presented in Fig. 2.

Efficacy

The majority of patients demonstrated an improvement in at least one clinical feature during the Phase 1b study that persisted over time in patients who went on to participate in the extension study. In peripheral lymphadenopathy assessments, two patients had partial remission of lesions by Week 12; two discontinued before Week 12 and could not be assessed. Change from baseline at Week 12 of the sum of the product of the diameters was -67.6% in one patient and -80.6% in another. Among the four patients assessed for mediastinal and/or intra-abdominal lymphadenopathy, all had stable disease. One patient had an improvement in lung function from baseline at Week 12: increased forced expiratory volume in 1 second (0.76 L; 51.4%); decreased forced vital capacity (-0.41 L; -15.4%); increased forced expiratory volume in 1 second/forced vital capacity ratio (0.44 L; 80.0%); and decreased diffusing capacity of the lung for carbon monoxide (-5.83 mL/min/mmHg; -17.0%). One patient experienced normalization of thrombocytopenia and another had normalization in chronic enteropathy.

During the extension study, the reduction in lymphoproliferation was maintained in 1/2 patients with data available. Lung function remained stable in the three patients assessed and the normalization of thrombocytopenia in the Phase 1b study was maintained. No patients had colitis during the extension study.

At the end of the Phase 1b study, 4/7 patients (57.1%) were classified as responders according to the investigator; 1/7 patients (14.3%) remained stable during the study, without any significant benefit, and was judged as a non-responder by the investigator. Two patients could not be assessed since they discontinued the study before Week 12.

During the Phase 1b study, seletalisib treatment was associated with a trend for decreased disease activity measured by the Physician's Global Assessment of Disease Activity (PhGADA) and Patient/Caregiver's Global Assessment of Disease Activity (PtGADA), with a mean (SD) change from baseline at Week 12 of -7.6 (21.8) and -10.1 (18.5), respectively. Individual patient data indicated that disease activity varied among patients (Fig. 3).

No overall trends in PhGADA and PtGADA were observed during the extension study.

Disease activity improved from baseline in two patients (decreased PhGADA and PtGADA) at most visits and worsened in two patients (increased PhGADA and PtGADA) at all visits.

Immunology

At baseline there was an increased percentage of transitional B cells (CD19 + /CD21 + CD24 ++ ) and a decreased percentage of naïve B cells (CD19 + /CD21 ++ ). In the Phase 1b study, following treatment with seletalisib, there was a reduction in transitional B cells (CD19 + /CD21 + CD24 ++ ; Fig. 4A) and a corresponding increase in naïve B cells (CD19 + /CD21 ++ ; Fig. 4B). No other B cell subpopulations demonstrated clear changes. There were no substantial changes in CD4 + or CD8 + T cells during the study; however, small reductions in senescent effector T cells (CD3 + CD8 + /CD57 + ) (Fig. 4C) and a trend towards a decrease in non-regulatory CD4 + (CD4 + /CD25 -CD127 -[mean: 51.9% at baseline and 37.2% at Week 12]) and CD8 + (CD8 + /CD25 -CD127 -[mean: 79.1% at baseline and 65.4% at Week 12]) T cells (data not shown) were observed. Most patients demonstrated a reduction in phospho-S6 ribosomal protein (pS6) expression in unstimulated CD19+ B cells (Fig. 4D) and stimulated CD3 + T cells (Fig. 4E). In the extension study, these changes were largely sustained; all patients had decreased pS6 in unstimulated CD19 + B cells and stimulated CD3 + T cells from baseline (Fig. 4).

In exploratory analyses of sub-populations of immune cells measured centrally, there were no clear or consistent changes in absolute cell numbers of CD19 + B cells, transitional B cells as measured by a different combination of markers (CD19 + CD10 + CD27 -), CD4 T cells and naïve T cells in the Phase 1b and extension studies. CD8 effector memory cells (CD3 + CD8 + CD45RA -CCR7 -) had no clear or consistent changes in the Phase 1b study but decreased in the extension study (Supplemental Table II).

No clear changes were observed in serum immunoglobulins (IgA, IgD, IgE, IgG, or IgM) following treatment with seletalisib in the Phase 1b study (Supplemental Table III).

Two patients in the extension study, both with APDS1, had normalization of elevated IgD and IgM, respectively (Supplemental Table III). It should be noted that all patients had current or previous IGRT.

Viral DNA was either not detected by polymerase chain reaction or values were at the lower limit of quantification at baseline. No clinically significant (>1 log) changes in Epstein-Barr virus or cytomegalovirus viral load were observed at Week 12, or during the extension study.

Safety and tolerability

All patients in the Phase 1b study reported TEAEs during the study (Table III). The most common were infections (6/7 patients); these were mild-to-moderate in severity and not considered to be drug-related. The most frequent individual TEAEs were nasopharyngitis, pyrexia, rhinitis, sinusitis, aphthous ulcer and headache (two patients each). No cases of rash, neutropenia or diarrhea were reported, although one patient with pre-existing chronic enteropathy experienced colitis. Drug-related TEAEs were reported by 4/7 patients who had 12 events (Table III); most commonly aphthous ulcer (two events) and increased hepatic enzyme (two events). Two patients reported TEAEs leading to discontinuation: one discontinued due to increased hepatic enzyme, which was considered drug related and a potential drug-induced liver injury. This patient had a history of elevated liver enzymes. The second patient discontinued due to a SAE of potential drug-induced liver injury of moderate intensity, and had no history of elevated liver enzymes or liver damage. In total, three patients reported SAEs. The other SAEs were hospitalization (to enable restarting of seletalisib under observation), which was not considered to be seletalisib related; and severe colitis in another patient (as mentioned above), also not considered to be seletalisib related. There were no deaths during the study period.

All patients in the extension study experienced TEAEs. The most frequent category was infections (in all four patients), which were mild to moderate in severity and not considered to be seletalisib related. One patient reported a seletalisib-related TEAE of aphthous ulcer (four events; Table III). One patient reported a SAE of severe stomatitis, which was not considered to be seletalisib related, and resolved after treatment; this patient also had episodes of non-serious aphthous ulcer (mild-to-moderate severity, not considered seletalisib related). No patients discontinued due to TEAEs in the extension study, and there were no deaths.

No notable clinically relevant abnormalities in hematology, vital signs, and 12-lead electrocardiogram parameters were observed in the Phase 1b study; urinalysis parameters were generally within normal ranges. TEAEs related to abnormal clinical chemistry were reported by four patients: hyperglycemia, drug-induced liver injury, increased hepatic enzyme (two events), and hypertransaminasemia. In the extension study, one patient reported two TEAEs related to abnormal hematology (decreased hemoglobin and increased C-reactive protein) and one TEAE related to vital signs (decreased weight); not considered related to seletalisib and none were clinically significant.

Discussion

This open-label Phase 1b study of seletalisib in patients with APDS1 or APDS2 demonstrated an acceptable safety profile and exploratory analyses demonstrated positive effects on several clinical manifestations of APDS and immune cell dysfunction. Results from the extension study suggested that seletalisib had a favorable risk-benefit profile in the longer term. A broad range of patients with active APDS were enrolled in the study, which resulted in a population with heterogeneous clinical features, and both types of APDS. Target engagement was demonstrated ex vivo by expression of pAKT + in T cell blasts, and in vivo by reductions from baseline in pS6 + B and T cells.

Exposure to seletalisib was in line with that in studies with healthy volunteers [START_REF] Helmer | First-in-human studies of seletalisib, an orally bioavailable small-molecule PI3Kdelta inhibitor for the treatment of immune and inflammatory diseases[END_REF]. Five of the seven patients in this study tolerated seletalisib treatment during the Phase 1b study. Of the four patients who entered the extension study, three patients tolerated seletalisib for the duration of the study (a further 84 weeks, or 96 weeks overall), and a fourth patient tolerated seletalisib for a further 36 weeks (48 weeks overall) until they withdrew consent due to personal reasons.

The most common category of TEAEs in the phase 1b study and its extension was infections, most frequently nasopharyngitis, rhinitis and sinusitis. This was not unexpected as respiratory infections are a frequent symptom of APDS [START_REF] Angulo | Phosphoinositide 3-kinase delta gene mutation predisposes to respiratory infection and airway damage[END_REF][START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Elgizouli | Activating PI3Kdelta mutations in a cohort of 669 patients with primary immunodeficiency[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF]. The patient who discontinued the Phase 1b study due to a TEAE of increased hepatic enzymes had high ALT and AST levels at screening and high ALT levels at baseline, together with a history of elevated liver function enzymes that were thought to be related to APDS. The patient who discontinued due to an SAE of potential drug-induced liver injury had no prior history of abnormal liver function tests, and liver enzymes were within the normal range at enrollment, although an underlying APDS-related liver disease was suspected. These TEAEs suggest that monitoring hepatic enzymes is important when treating patients with PI3Kδ inhibitors and caution should be considered when prescribing seletalisib in patients with existing liver abnormalities [START_REF] Ben-Yakov | Liver disturbances in activated phosphoinositide 3-kinase delta syndrome[END_REF]. Among 33 patients with APDS, 30% had liver disturbances; elevation of liver transaminases was more frequent in patients with APDS2 and 4/5 liver biopsies suggested nodular regenerative hyperplasia [START_REF] Ben-Yakov | Liver disturbances in activated phosphoinositide 3-kinase delta syndrome[END_REF] a small open-label study of leniolisib [START_REF] Rao | Effective "activated PI3Kdelta syndrome"-targeted therapy with the PI3Kdelta inhibitor leniolisib[END_REF], and an extension study is in progress [START_REF]Extension to the Study of Efficacy of CDZ173 in Patients With APDS/PASLI[END_REF]. The leniolisib study population included patients with APDS1 only, and was generally older (aged 17-31 years) than that of the current study. Leniolisib doses increased over the 12-week treatment period, while in the current Phase 1b study, most patients had continuous treatment at the same dose, so the two studies may not be wholly comparable. Both studies observed reductions in lymphadenopathy and normalization of immune cell sub-populations.

Additional endpoints examined in the current trial suggest that other clinical manifestations of APDS may also respond to seletalisib, such as the patient with marked improvement in respiratory function. Interestingly, efficacy has been noted in an APDS patient treated with theophylline [START_REF] Valencic | Theophylline as a precision therapy in a young girl with PIK3R1 immunodeficiency[END_REF], a drug used in severe asthma that appears to inhibit PI3Kδ [START_REF] Foukas | Direct effects of caffeine and theophylline on p110 delta and other phosphoinositide 3-kinases. Differential effects on lipid kinase and protein kinase activities[END_REF]. It remains to be seen whether this represents an advantage over treatment with rapamycin (4). A further Phase 2 study in patients with APDS1 has recently been completed using the inhaled PI3Kδ inhibitor nemiralisib [START_REF](PD) Study of Repeat Doses of Inhaled GSK2269557 in Patients With APDS/PASLI[END_REF].

A preclinical study has suggested that the use of PI3Kδ inhibitors may increase genomic instability [START_REF] Compagno | Phosphatidylinositol 3-kinase delta blockade increases genomic instability in B cells[END_REF]. This effect should be carefully considered, as such inhibitors would likely be administered to APDS patients for years. Regardless of treatment type, patients should be monitored in the long term for development of lymphoma [START_REF] Lucas | Dominant-activating germline mutations in the gene encoding the PI(3)K catalytic subunit p110delta result in T cell senescence and human immunodeficiency[END_REF][START_REF] Michalovich | Activated PI3 Kinase Delta Syndrome: From Genetics to Therapy[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF], as patients with APDS have a predisposition for B cell lymphoma [START_REF] Michalovich | Activated PI3 Kinase Delta Syndrome: From Genetics to Therapy[END_REF][START_REF] Maccari | Disease Evolution and Response to Rapamycin in Activated Phosphoinositide 3-Kinase delta Syndrome: The European Society for Immunodeficiencies-Activated Phosphoinositide 3-Kinase delta Syndrome Registry[END_REF][START_REF] Elkaim | Clinical and immunologic phenotype associated with activated phosphoinositide 3-kinase delta syndrome 2: A cohort study[END_REF][START_REF] Coulter | Clinical spectrum and features of activated phosphoinositide 3-kinase delta syndrome: A large patient cohort study[END_REF][START_REF] Durandy | Increased activation of PI3 kinase-delta predisposes to B-cell lymphoma[END_REF].

Limitations of the studies include the small number of patients treated and the open-label study designs. However, as APDS is a very rare, newly described disease, the numbers recruited were in line with feasibility and with other trials in this patient population [START_REF] Rao | Effective "activated PI3Kdelta syndrome"-targeted therapy with the PI3Kdelta inhibitor leniolisib[END_REF].

To conclude, seletalisib demonstrated an acceptable safety profile and had positive effects on several clinical features and disease activity at the expected drug exposure in patients with APDS1 and APDS2. In addition, seletalisib improved several immune cell abnormalities in both APDS1 and APDS2. A favorable risk-benefit profile was maintained in the extension study for up to 84 weeks of treatment. Seletalisib may be an attractive treatment option for this patient population, but results would need to be replicated in confirmatory studies with long-term follow-up. Additionally, it may be used as a bridge treatment prior to HSCT. Given the high unmet need in this serious disease, treatment with seletalisib may prove to be an appropriate and innovative option. 

Dating sharing

Due to the small sample size in this trial, Individual Patient Data cannot be adequately anonymized and there is a reasonable likelihood that individual participants could be reidentified. For this reason, data from this trial cannot be shared. 

  subsequently conducted this Phase 1b open-label study (European Clinical Trials Database [EudraCT] Number: 2015-002900-10) followed by an extension study (EudraCT Number: 2015-005541) to assess the safety, tolerability, pharmacokinetics and efficacy of seletalisib in patients with APDS1 and APDS2.

  Seletalisib led to clinical improvement in the majority of patients in the Phase 1b study, notably partial remission of peripheral lymphadenopathy (n=2) sustained in the extension study in 1/2 patients with data available, improvements in lung function (n=1), normalized thrombocytopenia (n=1) and normalized gastrointestinal status (n=1). There was a trend for reduction in disease activity after 12 weeks of seletalisib treatment, principally in PhGADA, and the investigators noted that subjective improvements were also reported by parents and patients in patient quality of life, concentration at school, and quality of sleep in four patients. The number of patients in the study was too small to draw any conclusions about the comparative efficacy of seletalisib in patients with APDS1 versus APDS2. Changes in immune cell sub-populations suggested an effect towards normalization of immune function with seletalisib treatment, especially of B cell maturation, with a decrease in transitional B cells and a corresponding increase in naïve B cells. Changes in transitional B cells, naïve B cells, non-regulatory CD4 + and CD8 + T cells and senescent CD8 + T cells were sustained with long-term seletalisib treatment. Serum immunoglobulins did not show any clear changes in the Phase 1b study; the high baseline IgD of one patient and the high baseline IgM of another patient normalized during the extension study. The potential restoration of IgG production could not be meaningfully assessed because of continued IGRT during the study. Absence of complete restoration of the humoral compartment may have been due to previous damage to the lymph node architecture, which might suggest that early treatment could increase efficacy. Seletalisib inhibition of PI3K signaling was demonstrated by monitoring pAKT S473 in T cell blasts derived from peripheral blood of patients with APDS1 and APDS2. In the Phase 1b study, pS6 + CD19 + B cells decreased from baseline to Week 12, indicating that seletalisib inhibited PI3Kδ; this decrease was sustained during the extension study. Other PI3Kδ inhibitors are in development for treating APDS. Results are available from
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FIGURE 1 .

 1 FIGURE 1. Effect of seletalisib on the expression of pAKT S473 in T cell blasts. Representative plots showing flow cytometry staining of pAKT S473 from (A) healthy donor

FIGURE 2 .

 2 FIGURE 2. Seletalisib plasma trough concentrations versus time for patients who received

FIGURE 3 .

 3 FIGURE 3. Changes in disease activity during seletalisib treatment: (A) physician's global

FIGURE 4 .

 4 FIGURE 4. Changes from baseline in immune cell populations during seletalisib treatment: (A) transitional B cells (CD19 + /CD21 + CD24 ++ ); (B) naïve B cells (CD19 + /CD21 ++ ); (C) senescent effector T cells (CD3 + CD8 + /CD57 + ); (D) pS6 + B cells (CD19 + ); (E) pS6 + T cells (CD3 + ) (safety set). Patient 1 stopped seletalisib at Week 2 (data not shown); Patient 7

Table I .

 I Patient demographics and baseline characteristics Table II. Baseline immunological characteristics¯ indicates lower than normal and indicates higher than normal range (available for lymphocyte counts [normal range 1-4x10 9 /L] and immunoglobulin concentrations only [normal range: IgG 7-16 g/L ; IgA 0.47-2.49 g/L; IgM 0.4-2.3 g/L]). Normal B-lymphocyte range: 7-24% (10-16 years of age) and 4-28% (>16 years of age)[START_REF] Schatorje | Age-matched reference values for B-lymphocyte subpopulations and CVID classifications in children[END_REF]. b Under Ig replacement therapy. c From local laboratory blood cell countscentral laboratory blood cell counts were not interpretable due to problems with the samples.

	Diaz et al												
	Patient	Demographics	Disease characteristics	Clinical features, prior and at baseline					Prior/ concomitant
													treatments
	Patient	Age, years Lympho-Sex (x 10 9 /L) cyte counts	Time since APDS diagnosis, years CD19 + B Within the lymphocyte forward scatter/side transitional B Disease type (mutation) CD19 + / CD24 ++ cells (%) Within the B cells a (%) CD21 +	Respiratory disorder CD19 + / naïve B cells Bronchiectasis (%) Within the B cell CD19 + CD21 ++	Colitis CD3 + / T cells (%) Thrombocytopenia Within the T cell CD3 + gate CD4 +	Lymphoproliferative CD3 + / disorder T cells (%) CMV/EBV infection Within the T cell CD3 + gate CD8 +	Chronic enteropathy CD3 + CD8 + /C Lymphoid hyperplasia of intestine senescent T cells (%) Within the T cell CD3 + D57 +	pS6 + Failure to thrive B cells (%) Within the B cell /CD19 +	Other clinical features IgG (g/L) (g/L) IgA	IgM Antibiotics (g/L)	IGRT	EBV viral load mTOR inhibitors a (copies/mL)
			scatter gate	cell CD19 +	gate			CD8 + gate	CD19 +			
					gate					gate			
	1	5.8		ND	ND	ND	ND	ND	ND	ND	3.14 b ¯ <0.05¯ <0.05¯	Negative
	2	1.2		1.7	51.8	11.5	23.4	54.4	17.8	34.3	6.97 b ¯ <0.05¯	3.07	<100
	3	0.9¯		16.2	47.1	30.5	54.1	31.9	11.2	35.3	14.53 b	1.11	1.93	<100
	4	1.8		2.1	55.1	7.3	21.5	61.7	60.9	61.6	8.07 b	<0.05¯	2.42	<100
	5	3.3 c		3.4	20.0	8.5	57.6	31.4	65.0	19.8	11.52 b	0.14¯	17.82	<100
	6	2.2		1.3	42.6	21.9	20.2	75.4	13.9	12.6	7.55 b	<0.05¯	1.51	<100
	7	1.2 c		4.5	5.3	32.9	19.0	66.2	28.6	16.3	8.65 b	<0.05¯	28.2	<100
									35				

a

Table III .

 III Incidence of drug-related treatment-emergent adverse events and serious treatment-emergent adverse events during the Phase 1b and the extension studies (safety set) Considered related to study drug as assessed by the investigator.

		Phase 1b study	Extension study	
		(n = 7)		(n = 4)	
	Patient	Drug-related TEAEs	SAEs	Drug-related TEAEs	SAEs
	1	Hepatic enzyme			
		increased (2 events)			
	2	Dizziness	Hospitalization		
	3	Aphthous ulcer (2		Aphthous ulcer (4	
		events), arthralgia,		events)	
		arthritis, increased			
		appetite, increased			
		weight, restlessness,			
		tendon disorder			
	4				Stomatitis
	5				
	6		Colitis		
	7	Potential drug-induced	Potential drug-		
		liver injury a	induced liver		
			injury a		
	a				

SAE, serious treatment-emergent adverse event; TEAE, treatment-emergent adverse event
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