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Background and Objectives: Serum eye drops (SEDs) are used to treat ocular surface

duction are not standardized, and several new forms of human eye drops have been
Funding information developed.

The authors received no specific funding for Materials and Methods: The International Society for Blood Transfusion Working
this work Party (ISBT WP) for Cellular Therapies held a workshop to review the current
types of eye drops of human origin (EDHO) status and provide guidance.

Results: The ISBT WP for Cellular Therapies introduced the new terminology ‘EDHO’
to emphasize that these products are analogous to ‘medical products of human origin’.
This concept encompasses their source (serum, platelet lysate, and cord blood) and the
increasingly diverse spectrum of clinical usage in ophthalmology and the need for
traceability. The workshop identified the wide variability in EDHO manufacturing, lack
of harmonized quality and production standards, distribution issues, reimbursement
schemes and regulations. EDHO use and efficacy is established for the treatment of
OSD, especially for those refractory to conventional treatments.

Conclusion: Production and distribution of single-donor donations are cumbersome

and complex. The workshop participants agreed that allogeneic EDHO have
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INTRODUCTION

A 3-day workshop on eye drops of human origin (EDHO), organized
by the International Society for Blood Transfusion Working Party
(ISBT WP) for Cellular Therapies, was held in Vienna in May 2022.
The intention was to provide a discussion forum on the current use of
EDHO. The meeting included all major stakeholders in the field includ-
ing researchers, scientists, clinicians, blood bankers and regulatory
authorities. The workshop covered all relevant aspects of EDHO
including basic science of the anterior eye, diseases that would benefit
from EDHO, autologous versus allogeneic donation, production, qual-
ity and safety indicators and regulatory oversight.

BASICS OF THE ANTERIOR EYE, SERUM AND
PLATELETS

In the opening lecture, Denese Marks (Sydney, Australia) presented an
overview of a BEST survey on serum eye drops (SEDs) [1]. Responses
were received from 12 countries and from 21 centres producing SED in
countries with a high development index, with the majority from the
United States and Europe. At the time of the survey, the majority of cen-
tres were producing autologous SED (70%), and this has likely changed.
The survey also highlighted the wide inter-centre variations in blood col-
lection volumes, serum dilution ratios, frozen and thawed shelf-life and
infectious disease screening of donors. There is a high level of variation
from the resources and established methods in each centre.

Friedrich Paulsen (Erlangen, Germany) described the anatomy,
functional interplay of lacrimal glands, meibomian glands and the

advantages over autologous EDHO although more data on clinical efficacy and safety
are needed. Allogeneic EDHOs enable more efficient production and, when pooled,
can provide enhanced standardization for clinical consistency, provided optimal mar-
gin of virus safety is ensured. Newer products, including platelet-lysate- and cord-
blood-derived EDHO, show promise and benefits over SED, but their safety and effi-
cacy are yet to be fully established. This workshop highlighted the need for harmoni-
zation of EDHO standards and guidelines.

eye drops of human origin, ocular surface disease, serum eye drops

o All eye drops of human origin (EDHO) are classified as medical products of human origin and
therefore should have strict oversight with regards to donor eligibility, infectious disease
transmission prevention, consistent labelling and traceability. Currently, production, quality
indicators and regulatory oversight for EDHO differ among jurisdictions.

o Allogeneic EDHO should be explored as an alternative to autologous EDHO due to greater
standardization and consistency.

e High-level evidence (randomized clinical trials) for the use of EDHO remains a priority, espe-
cially for allogeneic EDHOs, while reasonable evidence for efficacy of autologous EDHO in
the treatment of ocular surface disease refractory to conventional treatment exists.

cornea [2]. Tears developed more than 300 million years ago in first
terrestrial organisms leaving the aquatic environment and contain
more than 1500 antimicrobial proteins, including lactoferrin, IgA and
lipocalin [3]. The human tear film has three layers serving different
functions [4]. Aside from the main lacrimal glands, there are many
smaller glands in the eyelid producing lipids and mucous components.
Of particular importance are meibomian glands, which produce highly
hydrophobic waxes or steryl-ester lipids in the outermost layer of the
tear film, reducing evaporation of tears, retarding tear overflow and
enhancing stability of the tear film [5].

Sonja Mertsch (Oldenburg, Germany) discussed the current
research to produce and regenerate lacrimal glands. Murine epithelial
progenitor cells can be expanded to small aggregates of acinar and
ductal components [6]. When transplanted, these tissue-engineered
products reduce inflammation and improve tear production in animal
models. Different types of mesenchymal stromal cells (MSCs) have
also been tested for lacrimal gland regeneration [7]. It appears that
bone-marrow- and adipose-derived MSC showed better regenerative
capacity than MSC from lacrimal glands [8, 9]. Bio-engineered lacrimal
glands, in which MSC, primary epithelial cells and endothelial cells are
co-cultivated to form spheres in a vascularized scaffold are showing
initial promising results, although the road remains long for translation
into clinical practice.

Reinhard Henschler (Leipzig, Germany) reported on the content
of human serum and plasma, with a focus on differences to healthy
human tears. Serum or plasma have a water content of up to 95 and a
specific density of 1.022-1.026, and its pH and osmolarity similar to
human tears [10]. Specific differences between serum and plasma are
few, with serotonin, a higher nucleoside content and absence of
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fibrinogen in serum being hallmarks. Circadian rhythms influence serum
and plasma content of some factors including hormones (e.g., cortisol),
tumour necrosis factor-a and interleukin-6. About 600 different lipids
are found in serum, some of which have immunoregulatory properties
and thus are likely to be important for EDHO activity [11]. Microbicidal
proteins and peptides in serum include p-defensins, cathelicidin (LL-37),
lysozyme, neutrophil peptides, lactoferrin and thrombin fragments, all
of interest for EDHO [12, 13]. Among cytokines, the concentration
of epidermal growth factor (EGF), transforming growth factor-o and
-B, platelet-derived growth factor, nerve growth factor, insulin-like
growth factor and hepatocyte growth factor are in a comparable order
of magnitude equal in serum and in tears. Extracellular vesicles (EVs) are
also found in serum and may play a role in transferring micro-RNAs
even in tears [14]. Cell-free DNA in serum may be a relevant constitu-
ent of EDHO since it encodes pro-inflammatory signals [15]. In conclu-
sion, EDHO are complex and have only been partially characterized,
with some candidate effectors mirroring that of human tear.

Thierry Burnouf (Taipei, Taiwan) showed that platelets contain
approximately 5000 proteins derived from megakaryocytes or inter-
nalized from the blood circulation through their open canalicular sys-
tem. a-granules are particularly rich in growth and other trophic
factors [16]. Platelets can release regenerative growth factors through
degranulation or within extracellular vesicles (EVs), which may be
internalized via receptors from other cells. Platelet concentrates can
be subjected to freeze-thaw cycles to produce a lysate containing
plasma and platelet components [17]. Fibrinogen from the plasma
fraction can be depleted by sero-conversion to generate EDHO. As
platelet lysate is rich in growth factors and antioxidants, it can protect
corneal epithelial cells from oxidative stress and apoptosis, enhancing
their viability [18].

Take-home points:

1. Significant inter-centre variations exist in blood collection volumes,
serum dilution ratios, frozen and thawed shelf-life and infectious
disease screening of donors in the production of SEDs

2. Plasma, serum and platelet lysates contain trophic factors, (protec-
tive) lipids and several microbicidal peptides similar to human tears.
The factors most critical for determining the efficacy of EDHO and
at what therapeutic levels are yet to be fully characterized.

3. There is promise and ongoing research looking at regeneration of

lacrimal glands including the early use of MSCs in murine models.

OCULAR SURFACE DISEASE

Dry eye disease (DED) and Sjogren’s syndrome (SS) with ocular involve-
ment are examples of ocular surface disease (OSD) treated with SED.
Jutta Horwath Winter (Graz, Austria) revealed that up to 35% of the
population might be affected, depending on the definition of DED, diag-
nostic testing and awareness. The prevalence of DED rises above the
age of 50, and more recently, the prevalence in younger populations
has increased due to the use of smartphones and computers [19]. In

DED, visual acuity is impacted by the reduction of tear production,

Vox Sanguinis qg_j% gy | 303

whereby the instability of the tear film leads to surface alterations and
scarring [20, 21]. Diagnostic tear film testing allows the classification
into decreased lacrimal gland production (with or without Sjégren’s syn-
drome) and increased evaporation [22, 23]. SS is characterized by DED
and dry mouth (with severe deficiency of the lacrimal glands and sec-
ondary detrimental effects of the meibomian glands). It requires a
staged management, in which SED are recommended [24, 25].

Treatment of ocular graft-versus-host disease (GVHD), a systemic
disease occurring after stem cell transplantation, is the second most com-
mon condition for which SED are prescribed [26]. Tina Dietrich-Ntoukas
(Berlin, Germany) stressed that the incidence of GVHD rises with age,
and ocular GVHD s driven by inflammation, affecting the lacrimal gland,
subsequently leading to atrophy and loss of tear film production. This
leads to conjunctivitis, fibrosis of eyelids, keratitis and defects of the cor-
nea. Guidelines have been published in Germany for ocular GVHD and
proposals for a new grading scale for GVHD were developed [27]. Robust
evidence for the use of SED is not high, with mainly anecdotal experience
of good reported clinical outcomes. In GVHD patients who need cataract
surgery, the use of SED prior to surgery has been recommended [28].

Philipp Roberts (Vienna, Austria) reported on neurotrophic kerato-
pathy, which is characterized by damage of the trigeminal nerve down
to the corneal sensory nerves [29]. Decreased corneal sensitivity leads
to decreased blink rates, reduced tear production and subsequently
epithelial breakdown with lesions and secondary ulceration. Neuro-
trophic keratopathy has three clinical stages: minor punctuated lesions
on the surface of the cornea, followed by ulceration and finally perfora-
tion of the cornea. In stage 1, the use of artificial tears is recommended,
preservatives should be avoided and at least in stage 2, SED are
indicated [30]. Treatment is conservative and focuses on the avoidance
of corneal transplantation.

Saaeha Rauz (Birmingham, Great Britain) described a UK registry
for OSD and a diagnostic classification that has allowed the use of
autologous and allogeneic SED for patients [31]. Of interest was the
use of allogeneic SED for frail patients or those who are not fit for
apheresis. Allogeneic SED are classified as an unlicensed hospital spe-
cial medicinal product in the United Kingdom. Data from the registry
and outcomes were reviewed using a Delphi process [32]. Eight
groups of indications for patients who might benefit from SED were
generated. Importantly, reimbursement by the UK National Health
System (NHS) has enabled much easier and earlier usage of SED.

Although many OSD are amenable to treatment by EDHO, robust
efficacy data and clear indications for use are still lacking. Systematic
reviews do support the use of EDHO in these diseases [33, 34].

CURRENT PHARMACEUTICALS AND
OUTCOMES

Christian Gabriel (Graz, Austria) described other pharmaceutical prod-
ucts for the treatment of DED and pharmacological requirements for
eye drops. The European Pharmacopoeia stipulates a pH of 7.1-7.5, an
isotonic level of 250-300 mosm/kg. Additional preservatives are com-

mon, especially in aqueous eye drops. Specific viscosity ensures the
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even spread of the pharmaceutical substance but can contribute to blur-
ring of vision. Application includes warming the eye drops to 34°C and
pressing the lacrimal duct while keeping eyes shut for some minutes.
Hyaluronic acids are a mainstay of pharmaceutical eye drops in DED as
they increase the excretion of water and mucins on the ocular surface
and consequentially contribute to better tear film stability. The superior-
ity in comparison to aqueous eye drops or saline is evident [35].

Piera Versura (Bologna, Italy) indicated that currently a consensus is
needed for the use of various blood-based treatments for severe DED
and the criteria for selection in each individual patient [36]. Clinical
experience shows that most EDHO are chosen too late in the algorithm
of therapeutic options for patients. Moreover, in most studies done on
DED, the inclusion criteria were too diverse and prevent direct compari-
sons between the studies [37]. In addition, subjective criteria like the
Ocular Surface Disease Index (OSDI) score may not correlate with the
guantitative measurements of damage to the corneal surface [38].

Take-home points:

1. Various OSD are amenable to treatment with EDHOs and system-
atic reviews support their use. Further well-designed randomized
clinical trials and robust data would be useful to define their role in
treatment guidelines.

2. Reimbursement in health systems has enabled improved access
and usage of EDHO and promoted their use in earlier disease

stages.

DONATION OF STARTING
MATERIALS AND MANUFACTURING

Birgit Gathof (Cologne, Germany) described the increase in use of
allogeneic SED due to the reduction in autologous SED use in
Cologne due to patient’s health issues or frailty. Blood for allogeneic
SED is collected from male repeat donors with preselected blood
groups. The blood group is matched to minimize the use of ‘universal’
donors with blood group AB. Allogeneic SED have, however, not
reached the required level of evidence and efficiency to persuade
insurers to finance this new product.

Christian Gabriel discussed the use of autologous donations for
EDHO, which are the most common form of donation but require care-
ful donor management: Many donors may not be eligible for autologous
blood donation. Donor criteria in autologous SED are not well-
established and donor eligibility is usually determined on an individual
basis with considerations for medication, blood pressure, chronic infec-

tions and cardiac function.

Production of SED

Denese Marks described manufacturing SED in a large blood estab-
lishment. The process requires a number of steps, including donor
screening, blood collection, blood processing and SED packaging.

Product stability and storage are also important considerations. The

preparation of autologous SED begins with a review of prescriptions
from a patient’s ophthalmologist as well as fitness for a blood dona-
tion. Additionally, not all patients are able to give a full-volume dona-
tion, making it harder to standardize the production process.

Whole blood is collected in a dry pack without anticoagulant and
sent to a regional blood processing centre where the serum is sepa-
rated and diluted to 20% with 0.9% saline. The serum is then dis-
pensed into the individual ready to use dispensing vials. A sample
from each diluted batch is retained for bacterial contamination screen-
ing. The final product is frozen and distributed to the patients via their
nearest hospital. Up to 12 month’s supply can be provided, where it
can be stored in a domestic freezer in the patient’s home. Stability
studies have confirmed that SED can be stored in vials up to
12 months [39].

Given the constraints associated with producing autologous SED
and increasing demand for this product, allogeneic SED are more
cost-effective; and allow for simplification of the manufacturing pro-
cess. Transition from autologous to allogeneic SED requires further
process standardization and development of specifications to guide
manufacturing.

Dirk de Korte (Amsterdam, The Netherlands) represented another
large European facility producing allogeneic EDHO. In the Netherlands,
only a limited number of patients use autologous SED due to concur-
rent medical conditions and only a limited number of hospitals are capa-
ble of preparing SED. Allogeneic male donors are tested for the absence
of infectious diseases markers as required for blood donation, and
serum is quarantined for 4 months. Testing for herpes simplex virus
1 and 2, cytomegalovirus (CMV) and varicella zoster virus may be added
after consultation with ophthalmologists. To avoid putative side effects
of isoagglutinins, only blood group AB donations are used for SED and
up to eight donations are pooled for more homogeneous composition.
Sterile filtration and further processing in closed systems are performed
to minimize the microbial contamination. Pools are separated into
240-mL aliquots and stored at <—25°C. Retention samples from each
batch are also frozen. Selected growth factors and cytokines are mea-
sured. Depending on the pack system, the serum may be used undiluted
or diluted 1:1 with 0.9% saline, the drop volume may be about 7 uL or
conventional 50 L. Vials are labelled and packaged for transport as
required. The shelf life is 2 years at < —25°C or 18 months at <—25°C,
with an additional 6 months at <—18°C in hospitals and at the patient’s
home. After thawing, the shelf life is 24 h at 4°C or 8 h at room temper-
ature [40].

Embedded into this process is the automation of production pre-
sented by Eddy Hilbrink (Mu Drop, Apeldoorn, The Netherlands). A
production system was presented, which enables application of SED
in very small volumes of 7 pL. This reportedly minimizes the systemic
side effects, such as reflex tear production, wash-out and subsequent
over-usage. This reduces serum use due to reduced wastage, lower
product thawing time and avoidance of sticky eyelids.

In comparison to big institutions, Gerda Leitner (Vienna, Austria)
showed her concept of a small-scale workflow for autologous SED,
modified from a published protocol [41]. In brief, 230 mL of whole
blood is collected from the patients. After coagulation at room
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temperature and centrifugation, the serum is collected and diluted to
20% with balanced salt solution prepared in a sterile environment
(Meise). After sterile filtration, aliquots are stored at 4°C for quaran-
tine until the sterility is confirmed. It takes 4 weeks from the produc-
tion to the release of autologous SED. In the allogeneic setting, a
volume of 350 mL of whole blood is drawn from donors. Allogeneic
blood group AB SED are produced in a closed bag system to provide
an inventory for emergencies. The SED are tested for sterility, and
active substances are stable at —20°C for 6 months [42].

Pathogen reduction (PR) may be needed for allogeneic SED pro-
duction. Thierry Burnouf indicated that bacterial safety can be pro-
vided by implementing good manufacturing practices and sterile
filtration and can be controlled by bacterial sterility testing of the final
batch of EDHO [43]. Viral safety, in contrast, cannot be ascertained
by final product testing and is, therefore, a concern of relevance for
the safety and quality, especially of pooled allogeneic EDHO. The viral
safety of allogeneic EDHO relies on the safety nets already in place at
blood establishments to produce blood components for transfusion.
Such safety nets encompass epidemiological control of the donor
population, screening of blood donors for transfusion-transmitted dis-
eases, testing of donations by serological and/or nucleic acid testing
for relevant blood-borne viruses, and traceability. Platelet concen-
trates as potential starting material to produce EDHO may undergo
PR with licensed amotosalen/UVA or vitamin B2/UVB illumination
[44, 45]. Possible impacts of these PR procedures on EDHO safety
and function are still lacking. PR procedures used for clinical plasma
products and for human platelet lysate (hPL) used for clinical cell
manufacturing are not licensed for EDHO. Technologies for the
potential PR of EDHO exist and may theoretically be implemented,
considering their respective efficacy against viruses affecting the eyes,
allogeneic donor-associated risk factors and lack of toxicity for ocular
administration.

Mickey Koh (London, Great Britain/Singapore) stressed the
importance of consistent and harmonized labelling of EDHO by the
use of ISBT128, the worldwide standard for coding of medical prod-
ucts of human origin (MPHO), coordinated and managed by the Inter-
national Council for Commonality in Blood Banking Automation
(ICCBBA). Its product code terminology enables a more accurate defi-
nition of EDHO and provides the ability to precisely define its various
attributes, which will include different parameters like pooling, proces-
sing steps, source, donor classification and storage conditions. Impor-
tantly, the use of ISBT128 labelling would underline the need for
EDHO to comply with the guidance and regulatory frameworks that
apply to all MPHO [46].

QUALITY CONTROL

Dirk de Korte presented an approach for the quality control of SED.
CMV is the most prominent virus found in serum, leading to discard in
less than 1% of donations. Release of aliquoted sera is based on bio-
burden measurement, filter integrity and endotoxin testing. Every

batch is tested for functionality of the containers, especially the re-
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closure of vials. Storage at temperatures less than —25°C has little
effect on growth factors [47]. Extensive in vitro studies using kerati-
nocyte cultures and human umbilical vein endothelial cell cultures
have demonstrated proliferation in response to serum that had been
frozen for 6 months. Scratch assays indicated good wound healing of
serum stored over 2 years. Serum stored for 6 months at 4°C showed
a significant decrease in growth factors, but the cell culture responses
were only minimally reduced [48].

Katharina Schallmoser (Salzburg, Austria), presented established
standards for hPL in the use as ancillary materials [49]. Microbiological
control (sterility, endotoxins and mycoplasma) and analyses of haemo-
globin, osmolality, total protein and cellular impurities are performed
as required by the European Pharmacopoeia 9.0 (chapter 5.2.12). For
platelet concentrates and hPL used as EDHO, currently there are only
few guidelines available. In 2013, the Italian Society for Transfusion
Medicine published recommendations for blood components for
non-transfusional use [50]. They recommended the preparation in
transfusion centres by using specific medical devices, ensuring steril-
ity, identity and traceability, resuspension in plasma and maximum
storage duration for 24 months below —25°C. Further guidelines for
‘Blood components for topical use or injection’ are available in chap-
ter 35 of the European Directorate for the Quality of Medicines
(EDQM). Due to lack of standardized production protocols, there is a
huge variability in platelet-derived products with different composi-
tions and efficacies. Therefore, EDQM guidelines recommend at least
the evaluation of platelet recovery and essential growth factor con-
centration as quality control. In addition, for allogeneic products, bio-
chemical analyses (pH, total protein, albumin, lipids, glucose and
ferritin), isoagglutinin titration and performance testing in reference
cells may be considered.

Take-home points:

1. Autologous EDHO have the most data, can be produced in the
outpatient setting and require no matching. However, its vari-
ability, exclusion criteria and certain pathologies hampering
autologous collection may mean a substantial benefit for the
use of allogeneic EDHO, ensuring a more consistent and stan-
dardized process and a more traditional ‘pharmaceutical’
product.

2. PR strategies are of particular interest for allogeneic EDHO pro-
duction depending on the number of donations pooled. Potential
PR technologies for EDHO exist and could be evaluated consider-
ing their respective efficacy against viruses affecting the eyes.
However, these are currently not licensed for EDHO.

3. Consistency with the use of ISBT128 labelling allows for a more
accurate definition of EDHO and provides the ability to precisely
define its various attributes. Labelling is also central for traceability
of EDHO, an essential component of all MPHO.

4. Robust quality control and standards in the production of EDHO
are needed. A similar strategy like that used for the production of
hPL could be adopted for EDHO. Such quality controls need to be
extended into each step of production including length of storage

and functionality of the vials or containers.
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NEW DEVELOPMENTS

Amniotic membrane extract eye drops (AMEEDSs) are a promising new
treatment for OSD. Most of the beneficial effects of AMEED are
attributed to growth factors such as fibronectin, EGF and basic fibro-
blast growth factor, which are potent sources for corneal regeneration
[51]. Following collection, the AM is frozen in liquid nitrogen, pulver-
ized, aliquoted into vials and lyophilised, facilitating storage at room
temperature. The product is reconstituted in sterile water and has a
shelf life of 15 days. The results of phase | and Il clinical trials were
reported by Rita Piteira (Barcelona, Spain). In both trials, treatment
with AMEED led to improvement in ocular surface symptoms, such as
ocular pain, hyperaemia, eye stinging and burning [52, 53]. A phase IlI
trial is now underway. The cost of preparing AMEED may be less
expensive than the current SED.

Paolo Rebulla (Milano, Italy) described eye drops that can be pro-
duced from CB and cord blood platelet lysate (CB-PL). Preparation of
CB-PL eye drops involves collection of the cord, removal of the CB
and manufacturing platelet lysates. As with SED, the lysate is frozen
in applicator vials and can be thawed by the patient as required. This
process is more complex than collection for SED. However, platelet
lysate is rich in a variety of growth factors and has demonstrated effi-
cacy in many wound healing applications [54]. In a clinical evaluation
of CB-PL eye drops, 33 patients with corneal lesions received eye
drops four to six times per day for 19 days. Of these, 78% showed full
or partial recovery and healing of ulcers following treatment, support-
ing further development and clinical studies [55]. The number of CB
transplants is decreasing worldwide, and this product could utilize
otherwise discarded biological starting material [56].

Marina Buzzi (Bologna, Italy) also found that CB is a ready-made
source, as more than 80% of the CB units collected are not suitable
for transplantation. The levels of many growth factors are higher in
CB-serum (compared to peripheral blood serum) [57]. In a first study
of 30 patients with corneal damage, all subjective parameters were
significantly improved after using CB eye drops for 14 days. A second
randomized clinical trial was designed to compare allogeneic SED to
CB-derived eye drops. A reduction of corneal damage was observed
in both arms and there was an improvement in the CB arm (higher
OSDI score and secondary endpoints), possibly due to the higher
growth factor content of CB [58].

The primary objective of the AmuSED trial (Dirk de Korte) was to
determine whether allogeneic micro-sized SED (muDrop applicator)
were non-inferior to conventional sized SED (Meise applicator) in
patients with severe DED [59]. Overall, the study demonstrated that
serum muDrops are non-inferior in terms of OSDI score and tear
break-up time.

Neera Jagirdar (Atlanta, GA, USA) indicated that the disadvan-
tages of autologous SED led to the development of a proprietary
fibrinogen-depleted platelet lysate. This product was used in 10% and
30% solution in a prospective, randomized controlled double-blind
study for the treatment of ocular GVHD. The products were com-
pared to a control substance for 7 weeks in 64 patients. The new

platelet lysate product was safe and well-tolerated with an

improvement in patient-reported parameters although larger studies
are needed to confirm these effects [60].

Friedrich Paulsen performed the experiments with gold particles
for the enhancement of secretion of growth factors and cytokines in
the serum [61]. Gold particles have anti-inflammatory effects and pro-
mote cytokines and growth factors thereby serum treated with gold
particles are improving regeneration [62].

Take-home points:

1. There is promise in novel EDHO compared to traditional SEDs
with small clinical trials demonstrating efficacy.

2. Such novel EDHO includes using starting materials with a different
cocktail of growth factors and substances present compared to
serum.

3. Novel EDHO have explored the advantages of allogeneic over
autologous production.

4. Micro-sized eye drops have been found to be non-inferior to con-
ventional sized drops.

REGULATION OF EDHO

Verena Plattner (Vienna, Austria) highlighted the variation of regula-
tions in Europe. Three countries regulate EDHO as advanced thera-
peutical medicinal products (ATMPs), two as non-ATMP medicinal
products, seven as blood products and eight without any regulation.
In a statement by the European Commission, there is the notion that
EDHO may fall under the blood directive. But currently member
states are responsible for the classification of EDHO. In Austria, blood
donation for SED is regulated by the Austrian blood law; production
and distribution are regulated similar to pharmaceuticals. This cumber-
some process to gain any licence hampers the manufacture of EDHO
for blood centres. To circumvent this, all SED in Austria can be pro-
duced as magistral formulations by prescription of a physician and
may be issued to the patient by a pharmacy.

Johannes Bliimel (Paul Ehrlich Institute [PEI], Langen, Germany)
explained that blood is exempt from pharmaceutical regulation, but in
Germany, SEDs are classified as pharmaceuticals. Regional authorities
grant manufacturing licences under the guidance of PEI. It focuses on
infectious disease testing as in the eye, the infectious dose may differ
from that of blood transfusion; and neurotrophic viruses might be of
relevance. For example, CMV can replicate on corneal epithelia, but
flavi- and adenoviruses should also be considered. As such, viral inac-
tivation should be considered, especially in pooled products. Two
“orthogonal” viral inactivation steps are preferred in larger
pools reduce risks from enveloped and non-enveloped viruses. The
risk for transmissible spongiform encephalopathy should also be con-
sidered, so younger donors should be selected to minimize this risk.

Simonella Pupella (Rome, Italy) introduced the different regula-
tory approach in Italy. The European Blood Directive 2004/33/EC
allows the member states to regulate new blood products such that
national competent authorities should notify the European Commis-

sion with a view on Community action. In 2015, this enabled Italy to

85U80]7 SUOWIWOD A0 3|cedldde au Aq peusenob aJe sajoie YO ‘@SN Jo SN 10} Akeiq18uluQ AB|1A UO (SUORIPUOD-PUe-SWLRI W00 A3 1M Afe.q 1 [eul|uo//Sdny) SUORIPUOD pue swie | 8 88s *[£20z/70/yT] Uo ArigiTauljuo 8|1 eiiues 1p aiouedns 1mis| Aq ETYET XOA/TTTT OT/I0P/W00" A8 | Akeiq1jeuljuoy/Sdny wol papeojumod ‘¥ ‘€202 ‘0T0EZLT



REPORT ON EDHO WORKSHOP BY THE ISBT WP

regulate EDHO under the blood regulations, and collection, testing
and production of EDHO are only allowed in blood establishments.
Only autologous products may be collected and processed under
supervision of the blood establishment, and the starting material may
not exceed 60 mL.

Take-home point:

1. EDHO regulation varies among jurisdictions, including classifica-
tion as a blood product, a pharmaceutical or an ATMP. Harmoniza-
tion in this area is needed as it can also fall under both blood and

medicinal product guidance.

CONCLUSION

1. The beneficial effects of EDHO are well-documented, but the
effectors of EDHO are not fully known. Effects may be dependent
on the content of lipids, growth factors, anti-inflammatory factors
as well as pH, viscosity and osmolality.

2. A minimum set of quality parameters for SED is yet to be estab-
lished. Also, the production process is not standardized.

3. Packaging and application issues of SED may reduce wastage and
costs by leveraging clinical effectiveness.

4. Allogeneic SED are preferred due to higher manufacturing consis-
tency, lower costs, ease of collection and use, especially in patients
unsuitable for blood donation.

5. EDHO is being used in OSD and currently, is more often used in
later treatment pathways of OSD when frontline therapies have
failed. Robust efficacy data and clear indications for use are still
needed and more studies should be undertaken to confirm its
place role in treatment algorithms including frontline use.

6. Lack of reimbursement for EDHO is a major obstacle to earlier or
broader use for treatment of OSD.

7. Variability in autologous SED usage, production and clinical criteria
have hampered direct comparison of outcomes in clinical studies.

8. Regulations for EDHO are heterogeneous. The majority of
European countries selected national blood regulations in this field.
EDHO are part of MPHO and the essential requirements for all
MPHO should apply.

ACKNOWLEDGEMENTS

The authors thank the speakers at the workshop for providing their
material: P.F. Institute of Functional and Clinical Anatomy, University
of Erlangen-Nirnberg, Erlangen, Germany; M.S. Department of
Ophthalmology, Faculty of Medicine and Health Sciences, University
of Oldenburg, Oldenburg, Germany; R.P. Department of Ophthalmol-
ogy, Medical University Vienna, Austria; H.-W.J. Department
of Ophthalmology, Medical University Graz, Graz, Austria;
D.-N.T. Department of Ophthalmology, Charité, Berlin, Germany;
R.S. Birmingham and Midland Eye Centre, Sandwell and West
Birmingham Hospitals, Birmingham, UK; V.P. Ophthalmology Unit,
Department of Experimental, Diagnostic and Specialty medicine,

University of Bologna, Bologna, Italy; G.B. Department of

Vox Sanguinis qg_j% gy | 807

Transfusion Medicine, University Hospital of Cologne, Cologne,
Germany; de K.D. Department of product and process development,
Sanquin Blood Supply, Amsterdam, The Netherlands; H.E. mu-D.B.V.
Apeldoorn, The Netherlands; L.G. Department of Blood Group Serol-
ogy and Transfusion Medicine, Medical University, Vienna, Austria;
P.R. Banc de Sang i Teixits, Barcelona, Spain; R.P. Foundation IRCCS
Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy; B.M. IRCCS
Azienda Ospedaliero Universitaria di Bologna, Bologna, Italy;
J.N. Cambium Medical Technologies LLC, Atlanta, USA; P.V. AGES,
Vienna, Austria; B.J. Paul Ehrlich Institute, Langen, Germany;
P.S. National Blood Centre, Istituto Superiore di Sanita, Rome, Italy.
C.G. and M K. wrote the final manuscript. D.M. contributed to the
abstract and the section on new developments. K.S. contributed to
the section on production. R.H. contributed to the clinical and dona-
tion section and T.B. to the platelet lysates content and pathogen
reduction sections. C.G., D.M,, K.S,, T.B., R.H., and M.K. organized the
workshop, assisted with the editing of the paper, and approved the

final version.

CONFLICT OF INTEREST STATEMENT

There are no conflicts of interest to declare.

ORCID
Christian Gabriel
Denese C. Marks

Reinhard Henschler

https://orcid.org/0000-0003-2043-9320
https://orcid.org/0000-0002-3674-6934
https://orcid.org/0000-0002-5895-4259
https://orcid.org/0000-0002-7204-0058
https://orcid.org/0000-0002-0507-9243
https://orcid.org/0000-0002-4368-2502

Katharina Schallmoser
Thierry Burnouf
Mickey B. C. Koh

REFERENCES

1. Marks DC, van der Meer PF, Biomedical Excellence for Safer Trans-
fusion (BEST) Collaborative. Serum eye drops: a survey of interna-
tional production methods. Vox Sang. 2017;112:310-7.

2. Paulsen F, Waschke J. Sobotta, Atlas der Anatomie Band 3 Kopf,
Hals und Neuroanatomie. 24th ed. Miinchen: Elsevier; 2017.

3. Dor M, Eperon S, Lalive PH, Guex-Crosier Y, Hamedani M,
Salvisberg C, et al. Investigation of the global protein content from
healthy human tears. Exp Eye Res. 2019;179:64-74.

4. Tiffany JM. Tears in health and disease. Eye. 2003;17:923-6.

5. Sabeti S, Kheirkhah A, Yin J, Dana R. Management of meibomian
gland dysfunction: a review. Surv Ophthalmol. 2020;65:205-17.

6. Massie |, Dietrich J, Roth M, Geerling G, Mertsch S, Schrader S.
Development of causative treatment strategies for lacrimal gland
insufficiency by tissue engineering and cell therapy. Part 2: recon-
struction of lacrimal gland tissue: what has been achieved so far
and what are the remaining challenges? Curr Eye Res. 2016;41:
1255-65.

7. Spaniol K, Metzger M, Roth M, Greve B, Mertsch S, Geerling G, et al.
Engineering of a secretory active three-dimensional lacrimal gland
construct on the basis of decellularized lacrimal gland tissue. Tissue
Eng Part A. 2015;19-20:2605-17.

8. Dietrich J, Ott L, Roth M, Witt J, Geerling G, Mertsch S, et al. MSC
transplantation improves lacrimal gland regeneration after surgically
induced dry eye disease in mice. Sci Rep. 2019;9:18299.

9. Roth M, Spaniol K, Kordes C, Schwarz S, Mertsch S, Haussinger D,
et al. The influence of oxygen on the proliferative capacity and

95U9017 SUOWILWIOD 9A1ES1D 3eddde au Ag pausenob aJe Sapoie YO ‘88N Jo 3| J0j Aleig1 8UlUO A3|1AA UO (SUONIPUOI-PUE-SWLBY/W0O" A3 1M Aleq 1 jeuljuo//:sdiy) SUONIPUOD pue Swid | ) 885 *[£202/70/7T] uo Akeiqiauljuo 3|1 eliues 1p aiouedns IMis| AQ ETYET XOA/TTTT OT/I0p/wod A3 | Akelq1jputjuoj/sdny woly pepeojumod ‘v ‘€202 ‘0TH0EZT


https://orcid.org/0000-0003-2043-9320
https://orcid.org/0000-0003-2043-9320
https://orcid.org/0000-0002-3674-6934
https://orcid.org/0000-0002-3674-6934
https://orcid.org/0000-0002-5895-4259
https://orcid.org/0000-0002-5895-4259
https://orcid.org/0000-0002-7204-0058
https://orcid.org/0000-0002-7204-0058
https://orcid.org/0000-0002-0507-9243
https://orcid.org/0000-0002-0507-9243
https://orcid.org/0000-0002-4368-2502
https://orcid.org/0000-0002-4368-2502

38| Vox Sanguinis @g e sy
10.

11.

12.
13.

14.
15.
16.
17.
18.
19.
20.
21
22.

23.

24,

25.

26.
27.

28.
29.

30.

GABRIEL ET AL

differentiation potential of lacrimal gland-derived mesenchymal stem
cells. Invest Ophthalmol Vis sci. 2015;56:4741-52.

Kennedy AD, Ford L, Wittmann B, Conner J, Wulff J, Mitchell M,
et al. Global biochemical analysis of plasma, serum and whole blood
collected using various anticoagulant additives. PLoS One. 2021;16:
e0249797.

Anderson NL, Anderson NG. The human plasma proteome: history,
character, and diagnostic prospects. Mol Cell Proteomics. 2002;1:
845-67. Erratum in: Mol Cell Proteomics. 2003;2:50.

Martin L, van Meegern A, Doemming S, Schuerholz T. Antimicrobial
peptides in human sepsis. Front Immunol. 2015;6:404.

White JH. Emerging roles of vitamin D-induced antimicrobial pep-
tides in antiviral innate immunity. Nutrients. 2022;14:284.

Hefley BS, Deighan C, Vasini B, Khan A, Hjortdal J, Riaz KM, et al.
Revealing the presence of tear extracellular vesicles in Keratoconus.
Exp Eye Res. 2022;224:109242.

Quehenberger O, Dennis EA. The human plasma lipidome. N Engl J
Med. 2011;365:1812-23.

Huang J, Swieringa F, Solari FA, Provenzale |, Grassi L, De Simone I,
et al. Assessment of a complete and classified platelet proteome
from genome-wide transcripts of human platelets and megakaryo-
cytes covering platelet functions. Sci Rep. 2021;11:12358.

Burnouf T, Strunk D, Koh MB, Schallmoser K. Human platelet lysate:
replacing fetal bovine serum as a gold standard for human cell propa-
gation? Biomaterials. 2016;76:371-87.

Widyaningrum R, Wu YW, Delila L, Lee DY, Wang TJ, Burnouf T. In
vitro evaluation of platelet extracellular vesicles (PEVs) for corneal
endothelial regeneration. Platelets. 2022;33:1237-50.

Sheppard AL, Wolffsohn JS. Digital eye strain: prevalence, measure-
ment and amelioration. BMJ Open Ophthalmol. 2018;3:e000146.
Clayton JA. Dry Eye. N Engl J Med. 2018;378:2212-23.

Tsubota K, Pflugfelder SC, Liu Z, Baudouin C, Kim HM, Messmer EM,
et al. Defining dry eye from a clinical perspective. Int J Mol sci. 2020;
21:9271.

Baudouin C. Un nouveau schéma pour mieux comprendre les mala-
dies de la surface oculaire [A new approach for better comprehen-
sion of diseases of the ocular surface]. J Fr Ophtalmol. 2007;30:
239-46.

Kawashima M. Systemic health and dry eye. Invest Ophthalmol Vis
Sci. 2018;59:DES138-42.

Ramos-Casals M, Brito-Zerén P, Bombardieri S, Bootsma H, De
Vita S, Dorner T, et al. EULAR recommendations for the management
of Sjogren’s syndrome with topical and systemic therapies. Ann
Rheum Dis. 2020;79:3-18.

Mariette X, Criswell LA. Primary Sjogren’s syndrome. N Engl J Med.
2018;378:931-9.

Faust C, Dietrich-Ntoukas T, Steven P. Zweite Umfrage zur Versor-
gungsstruktur der okuldren Graft-versus-Host Disease in Deutsch-
land [Second Survey on Patient-centred Care of Ocular Graft-versus-
Host Disease in Germany]. Klin Monbl Augenheilkd. 2020;237:
1353-7.

Dietrich-Ntoukas T, Cursiefen C, Westekemper H, Eberwein P,
Reinhard T, Bertz H, et al. Diagnosis and treatment of ocular chronic
graft-versus-host disease: report from the German-Austrian-Swiss
Consensus Conference on Clinical Practice in Chronic GVHD. Cor-
nea. 2012;31:299-310.

de Melo FR, Kron-Gray MM, De la Parra-Colin P, He Y, Musch DC,
Mian S, et al. Outcomes of cataract surgery in graft-versus-host dis-
ease. Cornea. 2015;34:506-11.

Dua HS, Said DG, Messmer EM, Rolando M, Benitez-Del-Castillo JM,
Hossain PN, et al. Neurotrophic keratopathy. Prog Retin Eye Res.
2018;66:107-31.

Sacchetti M, Lambiase A. Diagnosis and management of neuro-
trophic keratitis. Clin Ophthalmol. 2014;19:571-9.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Noble BA, Loh RS, MacLennan S, Pesudovs K, Reynolds A,
Bridges LR, et al. Comparison of autologous serum eye drops with
conventional therapy in a randomised controlled crossover trial for
ocular surface disease. Br J Ophthalmol. 2004;88:647-52.

Rauz S, Koay SY, Foot B, Kaye SB, Figueiredo F, Burdon MA, et al.
The Royal College of Ophthalmologists guidelines on serum eye
drops for the treatment of severe ocular surface disease: executive
summary. Eye (Lond). 2018;32:44-8.

Pan Q, Angelina A, Marrone M, Stark WJ, Akpek EK. Autologous
serum eye drops for dry eye. Cochrane Database Syst Rev. 2017;28:
CD009327.

Franchini M, Cruciani M, Mengoli C, Marano G, Capuzzo E, Pati |,
et al. Serum eye drops for the treatment of ocular surface diseases: a
systematic review and meta-analysis. Blood Transfus. 2019;17:
200-9.

Yang YJ, Lee WY, Kim YJ, Hong YP. A meta-analysis of the efficacy
of hyaluronic acid eye drops for the treatment of dry eye syndrome.
Int J Environ Res Public Health. 2021;1:2383.

Bernabei F, Roda M, Buzzi M, Pellegrini M, Giannaccare G,
Versura P. Blood-based treatments for severe dry eye disease: the
need of a consensus. J Clin Med. 2019;17:1478.

Giannaccare G, Versura P, Buzzi M, Primavera L, Pellegrini M,
Campos EC. Blood derived eye drops for the treatment of cornea
and ocular surface diseases. Transfus Apher Sci. 2017;56:595-604.
Kruse FE, Tseng SC. A serum-free clonal growth assay for limbal,
peripheral, and central corneal epithelium. Invest Ophthalmol Vis Sci.
1991;32:2086-95.

Marks DC, Fisher J, Mondy P, Segatchian J, Dennington PM. Serum
eye drop preparation in Australia: current manufacturing practice.
Transfus Apher sci. 2015;53:92-4.

van der Meer PF, Seghatchian J, de Korte D. Autologous and alloge-
neic serum eye drops. The Dutch perspective. Transfus Apher Sci.
2015;53:99-100.

Geerling G, Maclennan S, Hartwig D. Autologous serum eye drops
for ocular surface disorders. Br J Ophthalmol. 2004;88:1467-74.
Fischer KR, Opitz A, Boeck M, Geerling G. Stability of serum eye
drops after storage of 6 months. Cornea. 2012;31:1313-8.

Burnouf T, Radosevich M. Nanofiltration of plasma-derived biophar-
maceutical products. Haemophilia. 2003;9:24-37.

Marschner S, Goodrich R. Pathogen reduction technology treatment
of platelets, plasma and whole blood using riboflavin and UV light.
Transfus Med Hemother. 2011;38:8-18.

Lanteri MC, Santa-Maria F, Laughhunn A, Girard YA, Picard-
Maureau M, Payrat JM, et al. Inactivation of a broad spectrum of
viruses and parasites by photochemical treatment of plasma and
platelets using amotosalen and ultraviolet A light. Transfusion. 2020;
60:1319-31.

Ashford P, Delgado M. ISBT 128 standard for coding medical prod-
ucts of human origin. Transfus Med Hemother. 2017;44:386-90.
Lorinser J, van der Meer PF, van der Heiden H, de Korte D. Change
in growth factor content of human serum for use as eye drops during
frozen storage for 1 year. Transfusion. 2017;57:CP 37.

van der Meer PF, Verbakel SK, Honohan A, Lorinser J, Thurlings RM,
Jacobs JFM, de Korte D, Eggink CA. Allogeneic and autologous
serum eye drops: a pilot double-blind randomized crossover trial.
Acta Ophthalmol. 2021;99:837-42.

Oeller M, Laner-Plamberger S, Krisch L, Rohde E, Strunk D,
Schallmoser K. Human platelet lysate for good manufacturing
practice-compliant cell production. Int J Mol sci. 2021;22:5178.
Aprili G, Gandini G, Guaschino R, Mazzucco L, Salvaneschi L,
Vaglio S, et al. SIMTI recommendations on blood components for
non-transfusional use. Blood Transfus. 2013;11:611-22.

Murri MS, Moshirfar M, Birdsong OC, Ronquillo YC, Ding Y,
Hoopes PC. Amniotic membrane extract and eye drops: a review of

85U80]7 SUOWIWOD A0 3|cedldde au Aq peusenob aJe sajoie YO ‘@SN Jo SN 10} Akeiq18uluQ AB|1A UO (SUORIPUOD-PUe-SWLRI W00 A3 1M Afe.q 1 [eul|uo//Sdny) SUORIPUOD pue swie | 8 88s *[£20z/70/yT] Uo ArigiTauljuo 8|1 eiiues 1p aiouedns 1mis| Aq ETYET XOA/TTTT OT/I0P/W00" A8 | Akeiq1jeuljuoy/Sdny wol papeojumod ‘¥ ‘€202 ‘0T0EZLT



REPORT ON EDHO WORKSHOP BY THE ISBT WP

52.

53.

54.

55.

56.

57.

58.

literature and clinical application. Clin Ophthalmol. 2018;12:
1105-12.

Pérez ML, Barreales S, Sabater-Cruz N, Martinez-Conesa EM,
Vilarrodona A, Casaroli-Marano RP. Amniotic membrane extract eye
drops: a new approach to severe ocular surface pathologies. Cell Tis-
sue Bank. 2021;23:473-81.

Sabater-Cruz N, Figueras-Roca M, Ferran-Fuertes M, Agusti E,
Martinez-Conesa EM, Pérez-Rodriguez ML, et al. Amniotic mem-
brane extract eye drops for ocular surface diseases: use and clinical
outcome in real-world practice. Int Ophthalmol. 2021;41:2973-9.
Anitua E, Muruzabal F, Tayebba A, Riestra A, Perez VL, Merayo-
Lloves J, et al. Autologous serum and plasma rich in growth factors in
ophthalmology: preclinical and clinical studies. Acta Ophthalmol.
2015;93:e605-14.

Samarkanova D, Martin S, Bisbe L, Puig J, Calatayud-Pinuaga M,
Rodriguez L, et al. Clinical evaluation of allogeneic eye drops from
cord blood platelet lysate. Blood Transfus. 2021;19:347-56.

Rebulla P, Querol S, Pupella S, Prati D, Delgadillo J, De Angelis V.
Recycling apparent waste into biologicals: the case of umbilical cord
blood in Italy and Spain. Front Cell Dev Biol. 2021;9:812038.

Buzzi M, Versura P, Grigolo B, Cavallo C, Terzi A, Pellegrini M, et al.
Comparison of growth factor and interleukin content of adult periph-
eral blood and cord blood serum eye drops for cornea and ocular sur-
face diseases. Transfus Apher Sci. 2018;57:549-55.

Campos E, Versura P, Buzzi M, Fontana L, Giannaccare G,
Pellegrini M, et al. Blood derived treatment from two allogeneic
sources for severe dry eye associated to keratopathy: a multicentre

59.

60.

61.

62.

Vox Sanguinis qg_%) ey | 309

randomised cross over clinical trial. Br J Ophthalmol. 2020;104:
1142-7.

van der Meer PF, Verbakel SK, Honohan A, Lorinser J, Thurlings RM,
Jacobs JFM, et al. Allogeneic and autologous serum eye drops: a pilot
double-blind randomized crossover trial. Acta Ophthalmol. 2021;99:
837-42.

Sugar A, Hussain M, Chamberlain W, Dana R, Kelly DP, Ta C, et al. A
randomized trial of topical fibrinogen-depleted human platelet lysate
treatment of dry eye secondary to chronic graft-versus-host disease.
Ophthalmol Sci. 2022;2:100176.

Feldt J, Schicht M, Garreis F, Welss J, Schneider UW, Paulsen F.
Structure, regulation and related diseases of the actin-binding pro-
tein gelsolin. Expert Rev Mol Med. 2019;30:e7.

Feldt J, Donaubauer AJ, Welss J, Schneider U, Gaipl US, Paulsen F.
Anti-inflammatory effects of an autologous gold-based serum ther-
apy in osteoarthritis patients. Sci Rep. 2022;12:3560.

How to cite this article: Gabriel C, Marks DC, Henschler R,
Schallmoser K, Burnouf T, Koh MBC. Eye drops of human
origin—Current status and future needs: Report on the
workshop organized by the ISBT Working Party for Cellular
Therapies. Vox Sang. 2023;118:301-9.

95U9017 SUOWILWIOD 9A1ES1D 3eddde au Ag pausenob aJe Sapoie YO ‘88N Jo 3| J0j Aleig1 8UlUO A3|1AA UO (SUONIPUOI-PUE-SWLBY/W0O" A3 1M Aleq 1 jeuljuo//:sdiy) SUONIPUOD pue Swid | ) 885 *[£202/70/7T] uo Akeiqiauljuo 3|1 eliues 1p aiouedns IMis| AQ ETYET XOA/TTTT OT/I0p/wod A3 | Akelq1jputjuoj/sdny woly pepeojumod ‘v ‘€202 ‘0TH0EZT



	Eye drops of human origin-Current status and future needs: Report on the workshop organized by the ISBT Working Party for C...
	INTRODUCTION
	BASICS OF THE ANTERIOR EYE, SERUM AND PLATELETS
	OCULAR SURFACE DISEASE
	CURRENT PHARMACEUTICALS AND OUTCOMES
	DONATION OF STARTING MATERIALSANDMANUFACTURING
	Production of SED

	QUALITY CONTROL
	NEW DEVELOPMENTS
	REGULATION OF EDHO
	CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


