EMOCOMPONENTI

AD USO NON
TRASFUSIONALE:
STATO DELL'ARTE
E SVILUPPI FUTURI

21 GENNAIO 2020

Istituto Superiore di Sanita
Aula Pocchiari
Viale Regina Elena, 299 — Roma

B & = B o

mocomponenti ad uso
fusionale in oculistica
llirio)

e B

Piera Versura
Y

DIMES Al&mi&tudiorum Universita di Bologna
UO Oftalmologia Laboratorio Analisi Superficie Oculare

e Ricerca Traslazionale - TFOS Board of Directors
piera.versura@unibo.it




La superficie oculare
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Progress in corneal wound healing
Prog Retin Eye Res. 2015 Nov; 49: 17-45.

Corneal wound healing steps

4-6 hours
Latent phase

Cell migration

and adhesion 24-36 hours
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Dry Eye Disease Management /é\
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Step 3:
Se i trattamenti precedenti non sono sufficienti,
considerare:

e Secretagoghi per viaorale

e Sostituti lacrimali biologici

¢ Lenti a contatto terapeutiche
o Morbide

o Rigide sclerali
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SOSTITUTI LACRIMALI BIOLOGICI

v’ Siero autologo
v’ Siero da sangue cordonale
v’ Preparati piastrinici (plasma ricco di piastrine; plasma

ricco in fattori di crescita; lisato piastrinico)



Rationale for the use of blood-based products

squamous metaplasia prevention
cellular tropism

-

cell migration
antiapoptotic effects,
stromal repair process

wound healing

N

4

reduce the risk of contamination
and infection during repair processes

" -2 macroglobulin [ anticollagenase activity ]

» free of preservatives which potentially induce toxic or allergic

reactions

» osmolality and biomechanical properties are similar to those

of natural tears
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Parameters to be defined in the production of
serum eye drops and previously described variations,
storage, and application. Geerling G et al, BJO, 2004

Production factor Published variations

Clotting phase 0-2 days

Centrifugal force 1500 rpm (ca 300 g) to 4000 g (ca 5000 rpm)
Duration of centrifugation 5-20 minutes

Dilution 20%, 33%, 50%, or 100%

Diluent 0.9% NaCl, BSS, 0.5% chloramphenicol eye drops
Container 1—-6 ml in insulin syringe or dropper bottle

Storage —20°to +4° C

Number of daily applications 3 times to hourly

rpm, rounds per minute; g. g force; BSS, balanced salt solution.



Platelet-Rich Plasma Differs According to
Preparation Method and Human Variability

1 Bone Joint Surg Am. 2012;54:308-16

Augustus D, Mazzocca, MS, MD, Mary Beth R. McCarthy, BS, David M. Chowaniec, BS, Mark P. Cote, DPT,
Anthony A. Romeo, MD, James P. Bradley, MD, Robert A. Arciero, MD, and Knut Beitzel, MD

TABLE lll Growth Factor Concentration Compared Between Separation Methods

Growth Factor* PRP T (pg/mL) PRPueT (pg/mL) PRPpsT (pg/mL)

EGF 650.8 + 350 26395 + 197.7 670.7 £ 185.1

FGF-2 156+2.4 752+21.4 152+ 3.4

HGF 6452+ 721 42773 + 15082 5817 +43.2

IGF 64.81 5564 6729+378.4 451 + 60.7

PDGF 16,668.1 + 5512.3 422739 + 29024 122637 + 36327

TGF-B 66,246.2 + 7620.4 14128609 + 12 576.1 830117 + 14,1298

VEGF 138.7+112 1429+ 125 1387 +9.1
*EGF = epidermal growth factor, FGF-2 = fibroblast growth factor, HGF = hepatocyte growth factor, IGF = insulindike growth factor, TGFB =
transforming growth factor-beta, and VEGF = vascular endothelial growth factor. TThe values ame given as the mean and the standard deviation.
PRP . = plateletrich plasma prepared with single-spin method resulting in lower number of white blood cells and platelets, PRP g = altemative
method resulting in a high amount of white blood cells and platelets, and PRP: = double-spin method.




Humber of cell generations

Does too much mean better ?

Kruse FE, Tseng SC Growth factors modulate clonal growth and differentiation of
cultured rabbit limbal and corneal epithelium. Invest Ophthalmol Vis Sci, 1993
» Increasing concentrations of EGF from 5 ng/ml to 10 and 100 ng/ml resulted in the

down-regulation of clonal growth

Number of cell generation

Primary human conjunctival cells Primary limbal epithelial cells
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Umbilical cord blood UCB

1. Baby is born with
umbilical cord and
placenta attached.

2. After the cord is
tied and cut, some
blood is left in the
blood vessels of the
placenta and cord.

By donating your
3. This cord blood is
extracted from the
umbilical cord using a
special collection bag.

baby’s cord blood,
you give
patients hope.

BE 28 THE MATCH,

Parts of the umbilical
cord used in extraction
of cord-blooci_s_gem cells

In our Center UCB is sampled from the
placental vein after SCs extraction from
the umbilical vein
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UCB-based eyedrops rationale

v’ Large quantities of the product may be collected at every

delivery
Yoon KC, et al., Ophthalmology. 2005

Yoon KC, et al., Ophthalmology. 2007
Yoon KC et al., Bone Marrow Transpl. 2007
Yoon KC et al.,, Am J Ophthalmol. 2007

v’ Debilitated patients

v HaematOIOgicaI discrasia Yoon KC et al., Cornea. 2011
Sharma N, et al., IOVS. 2011
v’ Infectious diseases Ang LP, et al., IOVS. 2011

v’ Absence of inflammatory cytokines (GVHD, SS)

v Higher concentrations of GFs as compared to other blood
components for topical use



Suitability for donation, informative report examination, Informed consent signature

. Child delive
Obstetrics Y

Cord blood syringe-aspirated in collection bags (FRESENIUS CB Collect)
\_ after Citrate Phosphate Dextrose anticoagulant solution removal by aspiration

-

Blood bags centrifugation (3.000 rpm, 15 min)

1 Ef:&lng 2 hrs, R.T., serum separation by aspiration, EGF analysis<c>
aliquoting in 50 mL sterile Falcon tubes

Cord
Blood Freezing (-80°C) and quarantine for 6 months (window period)
Bank
- ‘I:I’ serum aliquot thawing overnight +4°C <°>
pooling of pre-selected sera
3 3f .
20% diluition of serum in PBS Maternal blood (delivery and after 6 m)
4 Filtration through sterile 0.4 um filters to eliminate clots
Final product eyedrop aliquoting into 1 syringes / one-day-dose dispensing vials HBV, HCV, HIV1 e 2,
ﬁ HCV-NAT, HBV-NAT, HIV —NAT, Siphylis,
Freezing (-20°C) HTLV 1 e 2, CMV, TOXO, WNV)

-

( Frozen syringes/vials delivered to be dispensed to patients ucB
Ophthalmic 5 i} { e Blood group ABO / Rh,
Unit after { month sterility

6 3§ after Zmonths <= Mononuclear total cells,
CD34+ hemopoietic stem cells



http://biotechwiz.com/wp-content/uploads/2010/02/cordbloodsplcred.jpg

pg/mi
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EGF content through procedure

CB serum thawed after after
fresh after filtration  diluition
quarantine

after 1 after 2
month months
storage - storage -
20°C 20°C

==sample 1
—i—sample 2
—&—sample 3
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—+=sample 5
~&-sample 6

~—sample 7

Versura P et al, Cornea. 2012




Content 0.8 ml /vial

Posology : 8 times/day, 1 drop/eye
daily supply of 0.10-0.20 ng/mL EGF,
similar to the physiological human tear
content.

premere qui per fare
fuoriuscire il collirio

<4— collirio

< zona di rottura, beccuccio

del collirno
) 4—— ruotare per aprire

tappo, capovolgere per
tappare la fialetta



CLINICAL SCIENCE

Efficacy of Standardized and Quality-Controlled Cord Blood
Serum Eye Drop Therapy in the Healing of Severe Corneal
Epithelial Damage in Dry Eye

Piera Versura, BSD,* Vincenzo Profazio, MD,* Marina Buzzi, BSD, T Alessandra Stancari, PharmD.,
Mario Arpinati, MD,§ Nazzarena Malavolta, MD, ¥ and Emilio C. Campos, MD#

EudraCT: 2008-005757-38 Cornea, 2013

Clin Trial Gov Id NCT01234623

Sterile CBS eye drops were prepared to supply 0,15 ng/eye/day
Epidermal Growth Factor and administered for one month in a
one-day-dose dispensing.



Methods

VO [V1 (15day)| V2 (30day) tests

v v v Subjective symptoms (OSDI-VAS score)
v v v Corneal damage (mm?2) image

v v Test Schirmer test

v v v Break up time (BUT)

v v Tear osmolarity

v v v Corneal esthesiometry -Cochet Bonnet
v v Imprint Conj cytology

% v Scraping Conj cytology

v v v Tolerability and satisfaction to treatment
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CBS treatments
156 patients / disease

25 24

12
8

DED GVHD Sjogren's  comeal ulcers NK miscellanous

Updated Nov 2019

m AS eyedrops CBS eyedrops

20% 2.27 3.0
Estimated costs ( € / day treatment )
4 cycles / year



Sistema di analisi machine-learning

A Contrallo sano

1) Densita nervi (n/mm?2

2) Ramificazione nervi (n/mm?2

3) Lunghezza nervi (mm/mm?)

4) Ramificazioni tot nervi (n/mm?)
5) Area nervi (mm?2/mm?)

6) Larghezza nervi (mm/mm?)

7) Dimensione frattale




CBS e microscopia confocale in vivo

1 Densita

Giannaccare G et al. Cornea. 2017




Progetti di ricerca Regionale Piano Sangue e Plasma per il triennio 2013-2015

Comparison of growth factors and interleukin content of adult peripheral blood and
cord blood serum eye drops for corneal and ocular surface diseases.

Buzzi M et al. Transfus Apher Sci 2018
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Progetti di ricerca Regionale Piano Sangue e Plasma per il triennio 2013-2015

—— p=0031 —

20

A Ocular surface disease index
Subset A (ocular symptoms)

5k L

CBS PBS

occhi sensibili alla luce

sensazione di sabbia negli occhi  OSDIsubset A
dolore o irritazione negli occhi

visione annebbiata

visione insufficiente

nhwNpe

CB-S eye drops were more effective

in decreasing symptoms and keratoepitheliopathy in severe
dry eye syndrome (including SS and oGVHD)

as compared to PB-S eye drops.

Campos EC et al. Blood derived treatment from
two allogeneic sources for severe dry eye
associated to keratopathy: a multicentre
randomised cross over clinical trial. BJO 2019

Period 1 PBS

V4

Period 2 CB.S

Buzzi M et al, Transfus Apher Sci. 2018; 57: 549-555
Giannaccare G et al. Transfus Apher Sci. 2017; 56:595-604.
Giannaccare G et al. Cornea. 2017; 36: 915-921

Versura P et al. Blood Transfus. 2016; 14: 145-51.

Versura P et al. Blood Transfus. 2014 Jan;12 Suppl 1:544-50
Versura P et al. Cornea. 2013; 32: 412-8.



In Vivo Confocal Microscopy Automated Morphometric
Analysis of Corneal Subbasal Nerve Plexus in Patients With
Dry Eye Treated With Different Sources of Homologous
Serum Eye Drops

Giuseppe Giannaccare, MD, PhD,* Marco Pellegrini, MD,* Federico Bernabei, MD,*
Fabiana Moscardelli, CO,* Marina Buzzi, BSD,7 Piera Versura, BSD,* and Emilio C Campos, MD*

(Cornea 2019;38:1412-1417)

TABLE 3. IVCM Metrics of Corneal SNP Before and After Treatment With Allo-PBS (Group 1) and CBS (Group 2) Eye Drops

Group 1 Group 2
Parameter Vi A\’ Vi V2
CNFD (n/mm?) 21.2 £ 11.5 21.4 £ 9.6 145 £ 78 19.6 £ 6.3
CNFL (mm/mm?) 13556 14.1 =43 10.8 = 4.5 13.0 £ 3.7
CNFW (mm/mm?) 0.023 = 0.002 0.022 = 0.002 0.023 = 0.002 0.022 = 0.002
CNFrD 1.479 = 0.050 1.481 = 0.035 1.455 = 0.041 1.471 = 0.030




Indicazioni terapeutiche sull’utilizzo TABELLA DELLE INDICAZIONI CON GRADO DI RACCOMANDAZIONE

appropriato degli emocomponenti
per uso non trasfusionale

PATOLOGIA GRADO DI RACCOMANDAZIOME
ULCERE DIABETICHE 1B
{per ciclo di trattamento corrispondente a 12 applicazioni)
ULCERE E FERITE DI DIFFICILE GUARIGIOME
. . . I 1B
T, {per ciclo di trattamento corrispondente a 12 applicazioni)
Oitobire 2019 TRATTAMENTO DELLE OSTEQARTROS! 1B
{per ciclo di trattamento corrispondente a 3 applicazioni)
RICOSTRUZIOME TENDINE CROCIATO ANTERIORE 2B
- - TRATTAMENTO DELLA PSEUDOARTROSI 2B
s 3smn Ve Esicee TRATTAMENTO DELLA TENDINOPATIA ROTULEA 2B
TRATTAMENTO INFILTRATIVO DELLE EPICONDILITI 2B
TRATTAMENTO DELLE LESIOM| DEL LEGAMENT O CROCIATO ANTERIORE 2B
TRATTAMENTO DELLE LESIOM| DEL TEMDINE D1 ACHILLE 2B
ALTRE PATOLOGIE OSTEDO-MUSCOLARI LIGAMENTOSE 2B
SINDROME DELL'OCCHIO SECCO 28
LESIONI, ULCERE DELLA SUPERFICIE CORNEALE 28
USTIONI DELLA SUPERFICIE OCULARE 2B
TRATTAMENTD COADIUVANTE LA GUARIGIOME DELLALVEOLO 2B
POSTESTRATTING
TRATTAMENTD COADIUWANTE | PROCESS! DI GUARIGIONE DOPO 2B
CHIRURGIA ESTRATTIVA E IMPLANTARE NEI PAZIENT! CON PATOLOGIE
SISTEMICHE
INTERWENTO DI CHIRURGIA ORALE (ESTRAZIONE DEMTI INCLUSI, 2B
EXERESI LESIONI CISTICHE) PER PROMUOVERE L'EPTELIZZAZIOME DELLE
FERITE E ACCELERARE LA FORMAZIONE DEL SIGILLO MUCOSO
INTERWENTI DM CHIRURGIA ORALE IM PAZIEMNTI IN TERAPIA COM 2B
BIFOSFOMATI ENDOVENA ED ANTIANGIOGEMETIC
EXERESI CHIRURGICA D MROM) 2B
INTERWENTI DI IMPLANTOLOGIA 2B
INTERWENTI DI INMEST] O55E| E RIGEMERAZIONE COME SUPPORTO ALLA 2B
GUARNGIONE DEI TESSUTI MOLLI E COADIUVANTE DEI MATERIALN DA
INMESTO
TEATTAMENTS DI CICATRICT PATOLOWGICHE 2B
TRATTAMEMNTD DELL'ALOPECIA AMDROGEMETICA IN FASE INIZIALE 2B
TRATTAMENTO DELL'ALOPECIA AREATA IM FASE INIZIALE 2B
RISEMERAZIONE DEL DISCO INTERVERTEBRALE 2
TRATTAMENTO DEGLI ESITI DELLE CHCATRICI DA ACHE 0
TRATTAMEMNTD DEL LICHEN GEMITALE MASCHILE E FERMMIMILE 2C




Table 3 Similarities of key constituents in whole tears and
serum (reproduced from Rauz and Saw)’ Rauz S et al. The Royal College of
Ophthalmologists guidelines on serum eye

Parameter Whole tears Serum drops for the treatment of severe ocular
pH 74 74 surface disease: full report. Eye, 2017
Osmolality 298 296
EGF (ng/m]) 0.2-3.0 0.5
TGF-f (ng/ml) 2-10 6-33
NGF (pg/ml) 4683 54.0
IGF (ng/ml) 0.31 105
PDGF (ng/ml) 1.33 15.4
Albumin (mg/ml) 0.023 53
Substance P (pg/ml) 157 709
Vitamin A (mg/ml) 0.02 46
Lysozyme (mg/ml) 1.4 6 Changes in OSDI score
Surface IgA (ug/ml) 1190 2 i £90.0008 0<0.0001
Fibronectin (pg,/ml) 21 205 e e e
Lactoferrin (ng/ml) 1650 266 100 { e 00 - o v "
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Dry Eye, OSDI, 2-6 weeks Franchini M et al. Serum eye drops for the
treatment of ocular surface diseases: a systematic
Mean Difference review and meta-analysis. Blood Transf 2019

IV,. Random, 95% CI
——:

L]
. ' Eandom sequence genaration (selecton Has)
- Allocation concealment (selection bias)

Blinding of participants and personnel {performance bias)

I
I
B I
_._ Blinding of outcome assassment (detection bias) I
I
I
I

' Incomplete cutcome data (attrition bias)
L}
L]

.

Salective reporling (raporting bias)

I I I I Cither bias -
0% 25% ECI‘II: TEI‘}{-. 'IUD‘}EI
_20 _1 D 0 1 0 20 I:l Low risk of bias |:| Unclear risk of bias . High risk of bias
<- Favours experimental Favours control ->
Dry Eye, Schirmer test, 2-6 weeks Dry Eye, TBUT, 2-6 weeks Dry Eye, Fluorescein Staining, 2-6 weeks
Mean Difference Mean Difference
| IV, Random, 95% ClI 1 IV, Random, 95% CI Mean Difference
: = § IV, Random, 95% ClI
- —- -
R 3 = E
E R 3
- 5
: : e
e e e i A | e | ! ! ! I
6 -4 2 0 2 4 6 5 0 5 2 1 0 1 2
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AF, amniotic fluid; AM, amniotic membrane; AME, amniotic Clinical Ophthalmology 2018
membrane extract; AMT, amniotic membrane transplant




product name  Product type

Amnion-derived AME - Noveome
Cellular Biotherapeutics
Cytokine

Solution (ACCS)

Regener-Eyes™; AF - Palm Beach,
Regenerative FL, USA
Processing Plant

PDA-AF™; AF - Palm
Cryoactiv Harbor, FL, USA
Regenerative

Processing Plant

Optiserum™ UC only - Next
Biosciences;
Johannesburg,
South Africa

Method of
production
Proteins
secreted by
amnion-derived
multipotent
progenitor cells
Amniocleanse
patent pending
process
(placental-
derived
biomaterials);
sterile and
acellular
amniotic fluid
drops

Fluid harvested
close to 40
weeks
gestation;
hyaluronic acid
mainly
Umbilical cord
blood serum;
non-preserved;
frozen to -80°C

storage/dosage FDA regulated |action/applications
recommendation

Four times a day (Clinical trial wound healing, dry eye
dosage ongoing disease

Cooler packed N; under Section Increases cytokines,

box; 30-day 361 of Public growth factors, hyaluronic
supply droppers; Health Service acid; no human studies;
apply 1-4 times Act; no multiple animal studies
per day clearance, or

pre-market

approval needed

AF eye drops N; under Section Use for dry eye

361 of Public

Health Service

Act
5 mL eye dropper N; severe dry eye syndromes,
bottles; use internationally chemical burns, corneal
within 7 days available ulcers and erosions,

neurotrophic keratitis, post
LASEK surgery, and post
corneal transplant
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CORSO 118 - Livello base

Dalla ricerca alla clinica: i colliri a base di emocomponenti
Direttore: P. Versura

Moderatore: E. Campos

Istruttori: L. Fontana, G. Giannaccare, R. Mencucci, P. Versura

| COLLIRI A BASE DI EMOCOMPONENTI
PER LA CURA DELLE MALATTIE DELLOCCHIO:

FACCIAMO IL PUNTO
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\: ? Journal of e
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Review

Blood-Based Treatments for Severe Dry Eye Disease:
The Need of a Consensus

Federico Bernabei !, Matilde Roda !, Marina Buzzi 2, Marco Pellegrini 1

Giuseppe Giannaccare 3 and Piera Versura I*

J. Clin. Med. 2019, 8, 1478; d0i:10.3390/jcm8091478

The 5 Ws (and 2Hs) for blood-based eye drops

Who is the patient to be treated, in terms of disease type, severity, and stage?

Why is a blood-based treatment needed, in terms of a target indication?

When is it appropriate to prescribe blood-based therapy, as too late is not always a good option?

Where are the products dispensed? Is a national/regional program a feasible solution to
optimize resources?

What is the product of choice? Which source and preparation are targeted for a given patient?
Is a patient self-report enough, or should the clinician who prescribed the product report the course,
as surgeons do in organ transplants?

How is the product standardized in terms of processing to ensure optimal dilution, solvent,
dispenser, and storage time?

How is treatment delivered to the ocular surface, in terms of posology, dose-size modulation,
length of treatment, and number of cycles?

Can pain relief be included as a target indication ?
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