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New drugs, new challenges in cystic fibrosis care

TABLE 1 Phenotypic features of cystic fibrosis (CF) disease on cystic fibrosis transmembrane conductance regulator (CFTR) modulators and

knowledge gaps

CF disease on CFTR modulators

Knowledge gaps on CFTR modulators effects

Respiratory disease

Microbiology and pulmonary
exacerbations

Exocrine pancreatic insufficiency

Gastrointestinal disease and
nutrition

CF-related diabetes

Fertility

Chronic rhinosinusitis

Bone disease

Marked reduction of respiratory symptoms

Rapid improvement in respiratory function

Lower frequency of pulmonary exacerbations
Reduction but persistence of airway inflammation

Possible reversal of pancreatic insufficiency in
young children

No meaningful change in abdominal symptoms

Increased number of overweight pwCF

Ho effect on established biliary complications

Possible reduction of insulin reguirements

Improved diabetes control

Ho recovery of fertility in males

Improved fertility in females

Ho abnormalities in fetal development to date

Improvement in symptoms and CT scan findings

Possible improvement in bone mineral density

Long-term progression of lung function

Best monitoring methods and frequency
Long-term clearance of airway pathogens
Long-term effect on airway inflammation
Prevention or delay in airway colonisation

Best sampling methods

Relevance of current guidelines

Long-term effect on exocrine pancreatic function

Optimal diet and nutrition outcomes
Prevention or delay in biliary complications

Robust longitudinal data to assess improvements

Prevention or delay in CF-related diabetes

Effects on male fertility with very early CFTR
modulator treatment

Robust longitudinal data to assess mothers and
infants when CFTR modulators are used during
pregnancy and lactation

Effects of early treatment on nasal polyposis
development

Robust IcunEitudinal data to assess improvement

CT: computed tomography; pwCF: people with CF.




Realworld response opwCRo triple therapy with ELX/TEZ/IVA

‘ Feature Improvement No improvement/side effect

General quality of life (Cystic Fibrosis Questionnaire-Revised (CFQ-R) respiratory domain score) = minor or no improvement of extrapulmonary symptoms in
lung transplant recipients

CFTR biomarkers = CFIR-mediated chloride reabsorption in sweat gland duct CFTR-mediated sweat secretion of the secretory coil
| CFTR-mediated chloride conductance in respiratory epithelium |
CFTR-mediated chloride secretion in intestinal epithelium
CFTR-mediated bicarbonate secretion in renal epithelium
Sinonasal SinoNasal Outcome Test (SNOT-22) of sinonasal quality of life
| reduction of nasal polyposis, sinus opacification and mucesal thickening
Lower airways | lung function improved (spirometry, multiple breath washout), reduction of mucus consolidations, perfusion defects invariant

plugging, bronchial wall thickening, less pulmonary exacerbations, low or no sputum
production

Airway reduction of bacterial load, lower detection rates of S. aureus and P. aeruginosa microbial network remains fragile, still dysbiosis
microbiology

Immunology reduced systemic and lung inflammation

Cardiovascular rare: systemic arterial hypertension

Nutrition, increased absorption of nutrients and fat-soluble vitamins, weight gain exocrine pancreatic insufficiency

intestine

CF-related contradictory outcomes of post-approval studies

diabetes

Hepatobiliary bile acid metabolism; increase of liver stiffness in children and
system adolescents (?)

Dermatology rare: skin rash, drurg-induced acne
Reproductive increase of pregnancy rate

system

Mental health mental status changes (5%—10% of adults)

*Information available from peer-reviewed original publications by 1 March 2023.
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Il Sistema Immune

Tonsille

Time

Plesso

Linfonodi
mammario

ascellorl

Milzo
Detto
foracico

Linfonedi

intestineli intestine

tenve

Vasi
Linfatici

Midolle Ossee

%l Linfoticl

h

Linfonodi
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TiIMO

Sede di maturazione delle
cellule immunitarie
prodotte dal midollo osseo

e

TONSILLE E ADENOIDI

Bloccano I'ingresso dei
patogeni che penetrano
attraverso il naso e la

L) bocca

| linfonodi sono deputati
alla filtrazione della linfa
da scorie e agenti
patogeni

LINFONODI ASCELLARI

PLACCHE DI PEYER

Neutralizzano i patogeni
penetrati nell'apparato
digerente insieme al cibo

immunitarie

MIDOLLO OSSEO

Produce tutte le cellule

MILZA

Filtra il sangue e rimuove
i globuli rossi invecchiati

APPENDICE

Funziona da filtro, in modo
analogo a tonsille e linfonodi

LINFONODI INGUINALI

All'interno dei linfonodi si
concentrano grandi
quantita di globuli bianchi
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Recombinant humam Interdeukinin-- 1 receptor
antagenist(Anakinra;KKineret)

U It consists of 153 amino acids and differs
from native human H1RA in that it has
the addition of a single methionine
residue on its amino terminus.

U Explored since 1993 as a recombinant,
nonglycosylatedrersion of IL1 receptor
antagonist (ILLRA) prepared from
cultures of genetically modified
Escherichia calising recombinant DNA
technology.

U Currently dominates the field of-iL
therapeutics, mostly because of its
excellent safety profile and tolerability
by pediatric and adult patients
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FPediatr Pulmanol. 2009 Jun;44(6):580-93. doi: 10.1002/ppul 21026,

IL1B polymorphisms modulate cystic fibrosis lung disease.

Lewvy H1, Murphy A, Zou F, Gerard C, Klanderman B, Schuemann B, Lazarus R, Garcia KC, Celedon JC, Drumm M, Dahmer M, Quasney M, Schneck
K, Beske M, Knowles ME, Pier GB, Lange C, Weiss ST.

+ Author information

Abstract

RATIONALE: Variability in pulmonary disease severity is found in patients with cystic fibrosis (CF) who have identical mutations in the CF
transmembrane conductance regulator (CFTR) gene. We hypothesized that one factor accounting for heterogeneity in pulmonary disease
severity is variation in the family of genes affecting the biology of interleukin-1 (IL-1), which impacts acquisition and maintenance of
Pseudomonas aeruginosa infection in animal models of chronic infection.

METHODS: We genotyped 58 single nucleotide polymorphisms (SMNPs) in the IL-1 gene cluster in 808 CF subjects from the University of
Morth Carolina and Case Western Reserve University (UNC/CWRU) joint cohort. All were homozygous for DeltaF208, and categories of
"severe” (cases) or "mild" (control subjects) lung disease were defined by the lowest or highest quartile of forced expired volume (FEV(1))
for age in the CF population. After adjustment for age and gender, genotypic data were tested for association with lung disease severity.
Odds ratios (ORs) comparing severe versus mild CF were also calculated for each genotype (with the homozygote major allele as the
reference group) for all 58 SNPs. From these analyses, nine SNPs with a moderate effect size, OR < or =0.5 or =1.5, were selected for
further testing. To replicate the case-control study results, we genotyped the same nine SNPs in a second population of CF parent-
offspring trios (recruited from Children's Hospital Boston), in which the offspring had similar pulmonary phenotypes. For the trio analysis,
both family-based and population-based associations were performed.

RESULTS: SNPs rs1143634 and rs1143639 in the IL1B gene demonstrated a consistent association with lung disease severity categories
(P = 0.10) and longitudinal analysis of lung disease severity (P < 0.10) in CF in both the case-control and family-based studies. In females,
there was a consistent association (false discovery rate adjusted joint P-value <0.06 for both SNPs) in both the analysis of lung disease
severity in the UNC/CWRU cohort and the family-based analysis of affection status.

CONCLUSION: Our findings suggest that IL1beta is a clinically relevant modulator of CF lung disease.
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Thymosin a,

Activation of TLR-2 and TLR-9 and
signaling pathways

Stimulation of IL-2, IL-10, IL-12, IFN-
a, IFN-y

Activation of DC cells, macrophages,
NK cells

Inhibition of viral replication
Protection against oxidative stress
Activation of cellular and humoral
responses

Inhibition of IL-1B and TNF-a

Thymosin B,

Actin polymerization
Cell migration
Collagen deposition
Wound healing and tissue repair
Suppressing TNF-a expression
Ferroptosis modulation

Chemoprotection properties

Thymopoietin

Thymic
hormones

Thymulin

» Differentiation of precursor
lymphoid cell

©

T-cel differentiation
Inflammation
Anti-proinflammatory effect
Activation of NK cells
Thymus-Pituitary axis

Review of Thymic
Peptides and
Hormones: From The
Properties to Clinical
Application

International Journal of Peptide
Research and Therapeutics 20

25




International Journal of Peptide Research and Therapeutics (2025) 21:10
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Table1 Results of some applications of thymosin o,

Drisease

Results of application of T,

Reference

Infectious diseases Hepatitis C

Hepatitis B

Sepsis

HIV infection

Psesdomonzs

Mold toxicity

Cancer and chemoprevention Lung cancer

Melanoma

Breast cancer

Hepatocellular Carcinoma

Chemoprotection

Immune deficiency diseases  Immune deficiency

Autoimmune diseases

Served as monotherapy or in combina-
tion with INFe—compete virological
response rale

In combination with pagylated INF-a—
sipnificantly superior as compared Lo
INF-m alone

Significant decrease in mortality due to
multiple-organ failure

Enhances the function and increases the
number of CD4" T cells, decreases
viral load, and influences thymic T-cell
output; prolonged use of high-dose is
more effective

Significant decrease of infection rates
while blood cell (WBC) count,
C-reactive protein, TNF-a, and IL-6

Activate the production of Th2 cytokines
(INF-y, IL-2, IL-12, IL-18) stimulating
phagocylic activity

Inhibit the growth, proliferation, inva-
sion, and migration of lung cancer
cells, both in vitro and in vivo, and the
antioxidant activity of lung cancer

Overall survival benefits, long-term effi-
cacy, and the potential for synergistic
effects when combined with other
immune checkpoint inhibitors

Suppresses proliferation and induces
apoptosis; could be an approach to
breast cancer treatment

Increase both recurrence-free survival
(RFS) and overall survival (0S); as an
adjuvant therapy improves the prog-
nosis of solitary HBV-related HOC
patients after curative liver resection

Reduce chemotherapy-indoced damage,
enhance the efficacy of chemotherapy

Stimulates 11.-2 receptor eXpression,
stimulates the signalling pathways and
initiates the production of immune-
related cytokines, improves the func-
tioning of the immune system without
causing side effects

In experimental animal models of
MS, T, has shown effectiveness in
promoting myelin repair and provid-
ing neuronal prolection; in a pediatric
patient with Crohn's disease achieved
clinical remssion;

Boosting vaccine efficacy  Enhanced the immunogenicity of the

influenza vaccine;

Saruc et al. (2003)

Sherman et al. { 1998)

Lietal (2015)

Garaci et al. (1994; Matteucci et al. (2017)

Huang et al. (2006) as cited in: Goldstein
and Goldstein (2000)

Antachopoulos et al_ (2012)

Liu and Lu (2023)

Danielli et al. (2018)

Guo et al. (2015)

Costantini et al. (2019), Linye et al. (2021}

Dominari et al. {2020), Coslantini et al.
(2019)
Dominari et al. {2020)

Severa et al. (2019); Dinetz and Saleeby
(2023)

Carraro et al. (2012)

Clinicalapplications
of Thymosimalphal.

Infectiousdiseases
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A SARS0V2

Cancer
Immunodeficiencies
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Comprehensive Review of the Safety and Efficacy
of Thymosin Alpha 1 in Human Clinical Trials

Elliot Dinetz, MD; Edwin Lee, MD

ABSTRACT

Objective « This study aims to assess the safety and
efficacy of Thymosin Alpha 1 (Tal) through a
comprehensive narrative review of clinical studies
involving over 11 000 human subjects in more than 30
trials. The focus was on Tal’s application in COVID-19,
autoimmune conditions, and cancer treatment, with
implications for future considerations.

Methods « We systematically searched articles relevant to
critical studies on COVID-19, infectious diseases, cancer,
and autoimmune diseases indexed on Pubmed, Google
Scholar, and Cochrane Library. Our focus was on
evaluating the safety and efhcacy of Tal in human
subjects. Clinical trials conducted worldwide involving
diverse populations were analyzed to assess the safety and
effectiveness of Tal. The review examines explicit
outcomes in over 11 000 human subjects, emphasizing its
role in addressing COVID-19, autoimmune conditions,
and cancer treatment.

Results « Contrary to the FDAS restriction on Tal and 21
additional peptides in 2023, our analysis reveals consistent
evidence of Tals safety and efficacy. The peptide has
demonstrated significant effectiveness in treating various
conditions, including COVID-19, autoimmune disorders,
and cancer. This review summarizes conclusions drawn from
a comprehensive examination of clinical trials worldwide.

Conclusions » Based on substantial evidence from clinical
trials, Tal emerges as a well-tolerated and effective
immune modulator. The FDA»s restriction appears
unfounded, as Tal has shown safety and efficacy beyond
the initially specified conditions. Urgent attention and
intervention are warranted to ensure the continued
availability of this life-saving peptide through prescription.
Therefore, it is recommended that the FDA permits 503A
compounding pharmacies to compound Tal, considering
its potential to treat a variety of conditions effectively.

(Altern Ther Health Med. 2024;30(1):6-12).
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Objective « This study aims to assess the safety and
efficacy of Thymosin Alpha 1 (Tal) through a
comprehensive narrative review of clinical studies
involving over 11 000 human subjects in more than 30
trials. The focus was on Tal’s application in COVID-19,
autoimmune conditions, and cancer treatment, with
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Methods « We systematically searched articles relevant to
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conditions, including COVID-19, autoimmune disorders,
and cancer. This review summarizes conclusions drawn from
a comprehensive examination of clinical trials worldwide.
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Thymosin a1 represents a potential potent single-
molecule-based therapy for cystic fibrosis

Luigina Romani!, Vasilis Oikonomou!, Silvia Moretti!, Rossana G Iannitti!, Maria Cristina D’Adamo?,
Valeria R Villella?, Marilena Pariano!, Luigi Sforna!, Monica Borghi!, Marina M Bellet!, Francesca Fallarino!,
Maria Teresa Pallottal, Giuseppe Servillo!, Eleonora Ferrari®, Paolo Puccetti!, Guido Kroemer*7,

Mauro Pessial>2, Luigi Maiuri®$, Allan L Goldstein® & Enrico Garacim'“:
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Study Design

The primary endpoint:

Subjects with Cystic Fibrosis
A The activity of Thymosin alpha 1 will be evaluated
l by means of variation of inflammatory cytokines
(IL-4 + /-8,LLQ7A, IL-6 and TNF -alpha) in sputum,
Confirmation of eligibility considering the difference between the values at
(evaluation of inclusion/exclusion the end of the first treatment period (week 8) and
criteria) those at the baseline.
i The Secondary Endpoints :
First 8 weeks
3.2mg/day Tal in 2mL SC injection 2 days a week (day 1 and day 4). A Safety and tolerability  : will be evaluated by
means of type, incidence, severity, timing,
seriousness and relatedness of reported AEs,
l physical examinations, ECGs, clinical laboratory

results during the course of the study;

A Activity : Variation of neutrophil elastase in sputum,
CRP in blood and means variation of the sweat
chloride concentration test;

l A Assessment of efficacy : absolute change in

From week 9 to week 16
1.6mg/day Tal in ImL SC injection 2 days a week (day 1 and day 4).

predicted forced expiratory volume in 1 second
(ppFEV1) and quality of life  measured by using
Cystic Fibrosis Questionnaire (Revised (CFQ-R).

From week 17 to week 24
Observation period with NO DOSAGE




FEV1% & Sweat Chloride Results
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Sweat Chloride

A Atrend to increase in FEV1%
especially at week 20 ;

A Atrendto decrease in sweat chloride

in among the 6 patients with clinical improvement

Week 20
Mean 3%

10 ]
A A
. h e |
. | Y e S .,\_,\( =
\ _ e bl
/ < = -~ RN
P A e T e _‘___'__»/ ~ s N
< - T
Toodesl R e P R S »
£ ~. - N
~ < \'\ /://
_____________ o’
e
10 -
-
0 4 8 12 18 20
Visit (Week)
[—=— 00101 ——+  1001-04 — ~ — 100106 —»~ - 100108 = 1001-11 ~ 100112

Chloride (mEgL)

0 4 H 1
Visit (Week)
‘ e 100101 ——+ - 1001-04 — -~ -- 100106 — ~— - 1001-09 B 1001-11

Sweat Chloride among pts with improvement

was also observed in some patients.

Note: Definition of

clinical improvement:
sdwl hqgwybeingz h
such as no pulmonary
exacerbations, no
antibiotic use.

(n=6/14),
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Figurel. Mean H17 change from baseline (fror8intes)

Mean IL -17A decreased throughout
the entire study period.

A peak decrease (~56%) in mean IL-
17A levels was observed at the end of
the treatment period.
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Figurel. Mean TNF change from baseline (fror®intes)
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High variability  of the data was observed at
the individual level.
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There was insufficient data  available for analysis.
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V4¢V22 0A O (tutti i nonresponsivi = 0)
V4¢V2¢ 30%A -30 (tutti i responsivi =30)
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1001-01 F 3849+10KbC>T |2184insA
1001-02 F G542X 3120+1Kbdel1.6Kb
1001-03 M R553X E585X

1001-04 F W1282G 4022insT
1001-05 M F508del Q652X

1001-06 M G542X 1717+1G>A
1001-07 F G85E CFTRdel2,3
1001-08 M N1303K 1248+1G>C
1001-09 M R1066H R1066H
1001-10 F G542X 3849+10KbC>T
1001-11 F 5T12TG UNK

1001-12 F D1152H 40416insT
1001-13 M F508del 1717+1G>A
1001-14 F 2789+5G>A W1282X
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1001-18 M 2183AA>G 2183AA>G
1001-19 M 3272+26A>G 3272+26A>G
1001-20 M F508del D1152H
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1001-22 F F508del G673X
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Microbiota Intestinale e Malattie Correlate
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Distiroidismo

Acne
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Infezione da H. pylori Cellulite
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Calcoli della colicisti
Malassorbimento acidi biliari
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Arteriosclerosi
Iperensione arteriosa
Porpora idiopatica
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Sovrappeso Insulino resistenza
Obesita Diabete Mellito tipo l e Il

Malattie del Metabolismo Malassorbimento

SIBO
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Pros't?t_i . X Infezione da C. difficile
e Osteoporosi Sindrome dellintestino irritabile
Candides] vaginali Fibromialgia Malattie infiammatorie croniche

irdfezion; genito-urinaste Sarcopenia Infestazioni parassitarie

Incontinenza urinaria Sindrome della fatica cronica Micosi
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DOal terazil one
microbi causa disbiosi

Cos'e la disbiosi intestinale?

I dizioni li la fl _ Microrganismi che
n condizioni normali la flora gl i hiaririo asiona

batterica intestinale e (1 ¥ patogena (90%)
quantita di microrganismi che [ S QEECHFEINELE

: : S patogeni, muffe
vivono in equilibrio tra loro. b e funghi (10%)

Quando tale equilibrio si
altera, per cause varie, e (R o Dishiosi
alcune specie di microrganismi JEEr GeteN” T e 1 [

proliferano piu del solito
prendendo il sopravvento, si
parla di disbiosi intestinale.
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Gut Dysbiosis in Cystic Fibrosis
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