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ABSTRACT
Aim To compare the efficacy of cord blood and
peripheral adult donor blood serum eyedrops, controlled
for growth factor content, in the treatment of severe dry
eye diseases (DED) resistant to conventional therapy.
Methods This was a multicentre randomised, double-
masked, cross-over clinical trial. Sixty patients diagnosed
as severe DED, associated to persistent corneal epithelial
defects were randomised and equally assigned to group
A (treated with cord blood serum (CBS)) or group
B (treated with PBS), eyedrops administered eight times/
day for 1 month. Primary outcome was the pretreatment
and post-treatment change in corneal fluorescein
staining. Secondary outcomes included the pretreatment
and post-treatment change in Ocular Surface Disease
Index (OSDI) questionnaire and Visual Analogue Score
(VAS) of subjective symptoms, Schirmer I test, tear break-
up time and conjunctival staining. Patients with relapse in
signs or symptoms after further 2 months switched to the
remaining group for one additional month. Data were
statistically analysed (p<0.05).
Results Corneal staining was more significantly reduced
after the CBS treatment, both VAS and OSDI score
reduction was observed in both groups, but group
A reported significantly less grittiness and pain. Nineteen
patients shifted in the crossover period, the within
individual comparison confirmed a better recovery in the
CBS treatment period. Reduction in epithelial damage
was positively associated with epidermal growth factor,
transforming growth factorα and platelet-derived growth
factor content. Levels of interleukins (IL-13) were
positively associated with symptom decrease.
Conclusions Overall, DED signs improved after both
CBS and PBS treatments, with potential advantages of
CBS for subjective symptoms and corneal damage
reduction.
Clinical trial registration NCT03064984.

INTRODUCTION
Corneal epithelium is essential in protecting the eye.
Dry eye disease (DED) can result in mild to severe
corneal epithelial defects, which can become persis-
tent when a failure of the mechanisms promoting
the normal turnover occurs,1 2 with associated com-
promised vision and discomfort or pain or even
infection and cornea perforation.

The reason for the use of topically administered
products prepared from the blood is mainly based
on their content in substances mimicking the natural
tears, which play a key role in maintaining the
homeostasis of the ocular surface, such as growth
factors (GF), cytokines, vitamins and nutrients.3 4

The most used products derive from peripheral
blood taken from the patients themselves, and
prepared in form of serum (autologous serum,
AS)5 or platelet-rich plasma (Plasma Rich
Platelet).6 7 Several published studies indicated
that AS could be an effective treatment for
DED, but this has been recently questioned5 8

as few randomised and controlled studies had
been performed in support. Allogeneic blood-
based therapies from homologous sources have
been more recently proposed for the treatment
of epithelial defects with advantages as compared
with autologous sources.7 9 10 Topical products
prepared from adult donors’ peripheral blood
serum (PBS) as a source were tested in
patients.11–13 Cord blood serum (CBS, collected
at birth from placenta umbilical veins) based eye
drops have also been proposed.14–18 Both sources
were demonstrated to be efficient in the healing
of epithelial defects, in the course of clinical trials
having conventional therapies as control, and
only one controlled study compared the effective-
ness of autologous PBS versus allogeneic CBS.19

One major criticism may be that these studies had
not characterised the content of each source for
trophic substances, which was demonstrated to
be different.20 21

The purpose of this study was to evaluate the
effect of eye drops derived from two different allo-
geneic blood sources, namely CBS and PBS, charac-
terised for their content in epitheliotropic GFs and
cytokines. Patients suffering from DED associate to
severe keratopathy and resistant to conventional
therapy were randomised for CBS or PBS treatment,
and results were correlated with the levels of GFs
administered.

METHODS
Study design
This was a prospective, randomised, controlled,
crossover, multicentre and interventional clinical
study.
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The study was conducted according to the current legislation
for clinical research and complied with the Health Insurance
legislation for clinical trials in Italy. It was conducted between
January 2017 and February 2018 in compliance with the
International Conference on Harmonisation guidelines for
Good Clinical Practice and the Declaration of Helsinki, and
involved three centres in Italy (Ophthalmology Unit in Bologna,
Reggio Emilia, and Rimini).

The study consisted of two periods. Period 1 was runned for 3
months, comprising 1month of treatment and a 2-month follow-
up after the end of treatment. Period 2was runned for an additional
months, and patients entered in this period as specified below.

Study visits were scheduled at day 1 (V1, visit 1/
randomisation), day 3–5 days (V2, visit 2/baseline, beginning of
treatment), day 14±2 (V3, visit 3/intermediate control), day 30
±2 (V4, visit 4/end of the treatment, endpoint), day 90±2 (V5,
visit 5/control after treatment suspension, end of period 1).

The patient eventually entering period 2 also was evaluated
at day 93±3 (V6, visit 6/baseline for period 2), day 107±2 (V7,
visit 7/intermediate control), and finally at day 121±2 (V8,
visit8/end of the treatment of period 2, end of the study).

Patients were also contacted by telephone on day 8+2 and if
entered in period 2 on 115±2 day, to ask about sensations at
instillation.

Treatment preparation
The treatments under study comprised blood serum obtained
from two different sources: CBS collected at birth and adult
subject donor PBS. Serum from both sources were measured
for levels of following GFs and interleukins (IL): IL-1β, IL-4,
IL-6, IL-10, IL-13, fibroblast GF (FGF), platelet-derived GF
(PDGF), vascular endothelial growth factor (VEGF), nerve
GF (NGF), epidermal GF (EGF), transforming GF (TGF)-α,
TGF-β1/β2/β3, insulin GF (IGF)-1 and IGF-2. Samples were
evaluated using commercially available multiplex bead-based
sandwich immunoassay kits (Bio-Rad Laboratories,
California, USA), by means of the Bio-Plex Protein Array
System (Bio-Rad Laboratories, California, USA) as previously
described.21 The products were prepared, standardised, con-
trolled and sealed in anonymous frozen unidose vials in the
Transfusion Service, partner in the study, as it has been
extensively described and reported previously.18 21 The
explanation of the method is given in online supplementary
file 1.

Randomisation
The assignment of the treatment in period 1 was performed
through a computer generated randomisation schedule, stratified
by study site, blind to the patient and the clinician, only known to
the transfusion service personnel. The patient entered period 2
only in case of a corneal epithelial damage occurring at V5 and
larger than that recorded at baseline, or subjective symptoms
higher than that detected at baseline, and the treatment assigned
belonged to the remaining arm. The treatment also in this period
was only known to the transfusion service personnel, trained to
keep data aside.

Masking description
The products under study were prepared, standardised, con-
trolled and sealed in anonymous frozen vials in the Transfusion
Service of the S. Orsola-Malpighi Hospital, our partner and
collaborator in the study. The products had same physical and
colour characteristics and could not be visually recognised. Boxes

containing the vials reported a code of assignment only known by
the transfusion service personnel.

Inclusion criteria
Eligible patients were ≥18 years old and had moderate to
severe symptomatic dry eye (defined according to the 2017
DEWS II classification22) with a baseline 12-item self-
administered Ocular Surface Disease Index (OSDI) score
≥23 on a 0–100 scale. Three subscales, interpreted as sub-
scale A: ocular symptoms (three questions); subscale B:
vision-related function (six questions); and subscale C: envir-
onmental triggers (three questions) were calculated and
included in the statistic. Eligible patients had at least one
eye with both of the following conditions at baseline: corneal
damage coverage >25% of total corneal area (2 µL instilla-
tion of 2% unpreserved sodium fluorescein and estimated as
it will be described below), and a Schirmer score (without
anaesthesia) ≥3 and ≤10mm/5 min or three consecutive tear
break-up time (TBUT) tests ≤10 s. Subject must be on stable
course of systemic therapy (oral immune suppressants con-
sisting of steroids/cyclosporine) without plan to change or is
not on systemic immunosuppressive therapy concomitant sys-
temic treatments.

Exclusion criteria
Exclusion criteria were concurrent treatment with hypotensive
drugs, ocular surgery in the 12 months preceding enrolment, his-
tory/active signs of ocular trauma, infection or inflammation (within
3 months of visit 1), active signs of ocular allergic disease or ocular
herpes (within 2 years of visit 1); use of intraocular or periocular
medications or punctum plugs (or lacrimal punctum cauterisation).

Assessments
During the screening visit, all study participants underwent
a detailed ophthalmological examination including OSDI
questionnaire and Visual Analogue Score (VAS), biomicro-
scopy, TBUT and corneal staining with fluorescein, conjuncti-
val lissamine green staining (grade 0–18),23 and Schirmer
I test. All examination procedures and assessments were per-
formed in the following order: patient assessment of symp-
toms, OSDI, TBUT, corneal staining, conjunctival staining,
Schirmer test.

Assessment of corneal damage
The semiautomatic method for assessing corneal staining was
developed by one co-author (NL) within the framework of the
ImageJ software, provided in the public domain by the National
Institutes of Health, Bethesda, Maryland, USA.24 The explana-
tion of the method is given in online supplementary file 2. The
software has been implemented as aMacro for ImageJ and can be
freely download from the website www.medphys.it.

Treatment and assessments
At randomisation patients were instructed to start administering
1–2 drops of sterile 0.9%NaCl in each eye 2–6 times each day (as
needed) for 3 days as a washout step. Theywere randomised (1:1)
to CBS or PBS treatment, based on a computer generated rando-
misation scheme provided.
Treatments were dispensed by the Transfusion personnel,

advising patients to store the vials in the −20°C fridge, and
thaw one vial at a time for the daily administration, which con-
sisted of 8 drops/eye/daily. The content of GFs and ILs in the two
treatments is summarised in table 1.
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Outcome measures and analyses
The study eye was the eye with greater corneal epithelial damage
at baseline, or the right eye if both eyes had equal damage. The
primary endpoint was the change in corneal epithelium damage
from V2 at V4 in the study eye. Secondary endpoints included
change in OSDI, VAS, Schirmer test, TBUT, conjunctival staining,
from V2 at V4. Satisfaction and tolerability to both treatments
were recorded as described elsewhere25 at V4, and at V8 for
subjects entered in period 2 of the study.

Statistical analysis
A sample size of 30 patients per treatment group (60 total)
was determined according to a previous report18 adjusting the
power value as 80% and type 1 error as 0.05. The study was
not powered for secondary endpoints.

The data were analysed using SPSS V.20.0. Prior to statis-
tical analysis, data distribution was checked for normality.
The Mann-Whitney U test was used to compare differences
between two independent groups. The Wilcoxon signed-rank
test was used when comparing paired measurements. The
Spearman’s correlation coefficient ρ was calculated between
primary and secondary outcome measures and the content of
GFs and ILs in the treatment administered for each group.
A p value of less than 0.05 was considered as statistically
significant.

RESULTS
Forty-four women (median age 66 years, 42–82 years 95%CI) and
16men (median age 52.5 years, 39–82 years 95%CI)were enrolled
in the study and equally randomised in two groups. Demography of
randomised patients is summarised in table 2, and appeared homo-
geneous between groups (Levene’s test p>0.05).

Fifty-eight patients completed the period 1 study, while two
were lost to follow-up before visit five due for reasons indepen-
dent from the study.

After 1 month of treatment no change in the corneal staining
was observed in four eyes (one from group A and three from
group B), and a light worsening was observed in three eyes (one
from group A and two from group B). A significant improvement
in the corneal staining was observed in 53 of the 60 eyes (88.3%),
with the CBS treated group showing a statistically higher V4
versus V2 difference as compared with the PBS treated group
(p=0.02) (figure 1). Complete resolution of corneal damage was
achieved in three of these 53 eyes (5.5%, two from group A and
one from group B).
The subjective symptoms of discomfort significantly improved

with respect to OSDI total score in both groups (p<0.01). Only
subset A score, regarding the subjective ocular symptoms, signifi-
cantly lowered in the CBS treated group as compared with the
PBS treated group (p=0.03). No statistical significance was
shown between groups as far as the vision-related function (sub-
set B score) and environmental triggers (subset C score)
symptoms.
Results for the VAS, Schirmer test, TBUT, and conjunctival

staining are summarised in table 3. In particular, the Schirmer
test and TBUT values did not change at V4 as compared with V2,
with no statistically significant difference between group A and
group B. The VAS and the conjunctival staining score were shown
to decrease in both CBS and PBS treated patients at V4 as com-
pared with V2 (p always <0.01) but without statistically signifi-
cant difference between groups.
Between V4 and V5 patients returned to administer the same

treatments used before enrolment, and in particular: 23 patients
used only last generation tear substitutes; 15 patients hyaluronic
acid-based tear substitutes associated to gels, and 22 tear substi-
tutes hyaluronic acid-based tear substitutes associated to ointment.
A relapsing epithelial defect and/or a worsening in subjective

symptoms occurred in 19 eyes (31%, 8 from the CBS treated
group A and 11 from the PBS treated group B), after 2months
from the end of period 1.

Table 1 The concentrations of growth factors (GF) and interleukins
(ILs) in cord blood serum (CBS) and peripheral blood serum (PBS)
treatments, administered to patients in this study. Values are
expressed as pg/mL/day, except for PDGF * ng/mL/day. CBS treatment
delivered higher content of both GFS and ILs as compared with PBS,
with the exception of IGF1 and IGF2

CBS PBS

Median 95% CI Median 95% CI

EGF 237.50 195.17 to 272.50 130.00 114.53 to 140.40

FGF 122.00 117.69 to 133.00 25.30 10.76 to 42.57

IGF1 0.00 0.00 to 0.00 3.30 0.00 to 9.52

IGF2 4.25 3.56 to 5.44 23.95 19.36 to 29.08

NGF 1.48 1.20 to 1.57 1.30 1.19 to 1.58

PDGF* 2.04 1.79 to 2.36 1.29 1.19 to 1.37

IL-1-β 24.55 3.40 to 72.27 0.51 0.41 to 0.65

IL-4 0.27 0.18 to 0.37 0.18 0.090 to 0.27

IL-6 49.68 4.59 to 340.54 4.49 2.03 to 11.85

IL-10 2.40 2.27 to 2.73 1.96 1.80 to 2.52

IL-13 67.79 58.85 to 85.08 0.080 0.00 to 0.37

TGF-α 14.22 11.57 to 15.96 4.04 3.10 to 4.86

VEGF 81.50 33.14 to 134.58 36.60 31.20 to 42.64

EGF, epidermal growth factor; FGF, fibroblast growth factor; IGF, insulin growth factor; NGF,
nerve growth factor; PDGF, platelet-derived GF; TGF, transforming growth factor.

Table 2 Demography of patients randomised in group A, assigned to
CBS treatment, and group B, assigned to PBS treatment. Info on
previous systemic or topical treatments is also given

Group A B

Treatment CBS PBS

Females 24 20

Age* 65.5 (61.5–69.0) 66.5 (61.3–70.0)

Males 7 9

Age* 52.0 (45.0–71.5) 53.0 (43.0–68.3)

Rheumatoid arthritis (n) 5 2

Sjogren’s syndrome (n) 9 7

GVHD (n) 9 8

Systemic treatments (steroids) 7 5

Systemic treatments (cyclosporine) 3 4

Topical treatments 30 30

Previous serum 4 3

Steroids 12 14

Cyclosporine 2 2

Tear substitutes only 20 18

Tear substitutes plus gel 6 8

Tear substitutes plus ointment 4 4

*Years, median (95% CI).
CBS, cord blood serum; PBS, pheripheral blood serum.
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A representative fluorescein stained slit-lamp image of
a patient running both period 1 and period 2 of the study is
given in figure 2. Data were analysed in a within-individual
comparison between changes observed in the two periods of
treatment, and results are summarised in figure 3. In particular,
the CBS treatment resulted in a significantly higher reduction of

corneal damage, either as administered in period 1 or period 2
(figure 2, upper part). The CBS treatment resulted in a significant
higher reduction of both OSDI and VAS score, only when admi-
nistered in period 1 (figure 2 middle and bottom, respectively).
The conjunctival staining was reduced in both period 1 and

period 2 but without differences between periods. TBUT and
Schirmer test values did not change in this period of the study.
A direct relationship was found between the corneal damage

reduction and the content of EGF, TGFα, PDGF, FGF, and IL13
(Spearman’s ρ respectively −0.583, –0.509, −0.512, –0.467 and
−0.427; p<0.01), whereas an indirect relationship was shown for
the content of IGF1 and IGF2 (ρ 0.550 and 0.491, respectively).
IL13 was found in direct relationship with the OSDI subset A and
B reduction (ρ −0.440 and −0.476, respectively, p<0.01).
No adverse event was recorded in the study. The overall satis-

faction and tolerability for both treatments was very high, and
only three patients (one from group A and two from group B in
period 1) reporting occasional symptoms as mild blurring at
instillation, which disappeared after less than 3min and which
did not prevent them from continuing and completing the study
successfully.

DISCUSSION
This is the first double blind, randomised, cross over, and con-
trolled clinical trial, comparing PBS from healthy donors vs CBS
eye drops for the treatment of patients affected by DED with
associated severe corneal damage, reporting whether clinical out-
comes may be correlated with the content of epitheliotropic
substances in the treatments.

Figure 1 The change in corneal epithelium damage from V2 at V4 in the
study eye is graphed. Reduction was observed in both groups, but the
pre-difference and post-difference in the CBS treated group was more
significant as compared with the PBS treated group (p=0.02). CBS, cord
blood serum; PBS, peripheral blood serum.

Table 3 OSDI with the three subset score (sub A, B, C), VAS score,
Schirmer test, tear break up time (TBUT) and conjunctival staining
score before (V2) and after (V4) 1-month CBS and PBS treatment. No
change was observed for the Schirmer test and TBUTvalues, whereas
a reduction was shown for OSDI, conjunctival staining and VAS, but
without a statistically significant difference between treatments.
Among OSDI subset scores, only sub A significantly lowered in the CBS
treated group as compared with the PBS treated group (p=0.03).
Values expressed as median (95% CI)

CBS PBS

V2 V4 V2 V4

OSDI score OSDI score

52 (47–60) 31 (28-37) 48 (38–59) 38 (29-44)

SUB A 24 (13–30) 15 (10–16) 28 (20–32) 21 (14–34)

SUB B 13 (8–19) 8 (4–10) 12 (8–14) 8 (4–14)

SUB C 14 (10–20) 11 (6–18) 12 (8–20) 8 (6–20)

VAS score VAS score

7.4 (6.5–7.8) 5.0 (4.5–5.8)

Schirmer test Schirmer test

5.0 (4.1–7.0) 5.0 (3.1–6.8) 4.0 (2.7–6.2) 5.0 (4.0–6.0)

TBUT TBUT

3.0 (2.0–4.0) 3.0 (2.0–4.2) 3.0 (1.0–4.0) 2.5 (2.0–4.0)

Conjunctival staining score Conjunctival staining score

9.0 (6.0–11.0) 6.0 (3.0–7.4) 11.0 (7.0–12.0) 7.0 (5.0–9.0)

CBS, cord blood serum; OSDI, Ocular Surface Disease Index; PBS, peripheral blood serum;
TBUT, Tear Break Up Time; VAS, Visual Analogue Score.

Figure 2 Slit-lamp photographs with fluorescein staining in patient running
both period 1 and period 2 of the study. Before PBS treatment, the corneal
epithelium was stained diffusely. (Top left). One month after treatment,
severity of the damage decreased especially in the central area (top right). Two
months after the end of the treatment, the level of epithelial damageworsened
and patient entered period 2 (bottom left). After 1 month of CBS treatment,
a diffuse decrease in stainingwas observed in all areas. In this patient, a better
improvementwas observed after the CBS treatment as comparedwith the PBS
one. CBS, cord blood serum; PBS, peripheral blood serum.
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Data from this study confirmed that both PBS and CBS eye
drops are safe and effective in reducing the subjective symptoms
of discomfort and the corneal damage after 1 month of treatment,
as suggested by previous works that evaluated these treatments
separately. The CBS treatment resulted in a higher reduction of
corneal damage as compared with PBS in any period adminis-
tered, which was confirmed also in the within-individual compar-
ison. A relapsing epithelial damage and/or symptom degree
occurred in one third of treated patients, feasibly related to the
chronic nature of the disease, and perhaps to the relatively short
period of treatment with the products in study.

Autologous blood derived eye drops are still widely used but
not all patients are good candidates as donors due to underlying
systemic inflammatory diseases, age, and other types of
comorbidities.26 Allogenic blood sources for the preparation of
topical treatments are conceptually preferable as compared with
AS due to several reasons.9 10 12 27 They avoid invasiveness to the
patient, who could in time not like the repeated withdrawals.
They can be prepared, controlled, validated for safety profile and
standardised in advance, then stored frozen until the dispensa-
tion, with an unlimited availability in principle. Despite the

current legislation for the ABO matching is applied worldwide
also to blood derived eye drops, inherent risks present in homo-
logous transfusions persist despite all efforts to avoid them. To
the best of our knowledge, no adverse event was reported so far in
the literature.
Allogenic serum from patients’ relatives was used in a previous

work to treat persistent epithelial defects, which healed within 2
weeks in about the half.11 Eye drops from healthy male donors
matched for the ABO were administered for two to 4weeks, and
a partial or full epithelial healing, along with subjective symptom
improvement was observed in patients with DED with only mild
but not persistent defects.12 Another study reported the efficacy of
a 4weeks treatment of patients with severe dry eye associated to
ocular graft versus host disease (GVHD) with healthy donor PBS.13

The efficacy of CBS treatment was demonstrated in patients
suffering from DED,14 neurotrophic keratitis,15 recurrent cor-
neal erosions,16 persistent epithelial defects,17 18 28 in compar-
ison or not with tear substitutes. Only one controlled and
randomised clinical trial demonstrated CBS drops to be more
effective in decreasing symptoms and corneal damage as com-
pared with AS eye drops in Sjogren’s syndrome patients.19

Despite the many clinical studies utilising serum derived eye-
drops, there is no internationally harmonised method for prepar-
ing the products.29 30 Results from the present study were
obtained with products standardised for the procedure of
preparation18 and analysed for their content in selected trophic
factors,21 which are present in both products, but at a higher
levels in CBS.
Several GFs are present in normal human tears.31 For instance,

the levels of EGF has been estimated in the range 3–8 ng/mL in
unstimulated tear samples, with a threefold increase directly after
wounding, subsequently returning to basal levels as shown in
in vivo experiments.32

A significantly increased proliferation of corneal epithelial cells
is produced in vitro at concentrations in the range 0.1–5 ng/mL33

and topical application of 500 µg/mL EGF can improve the rate
of healing of corneal wounds in animal models.34

Interestingly, the amount ofGFs in bothCBS and PBS treatments,
successful in our study, were in the range of pg/mL/day. Beyond the
obvious hardly comparable settings, this difference may be due to
intrinsic properties of engineered GFs,35 supporting the higher
efficacy of GFs from a natural source. For CBS in particular, the
combination of GFs is the outcome of a period of high metabolic
demand, and it might therefore represent the most powerful com-
bination of trophic factors. The role and activity of each GF and IL
depends on the microenvironment and the system, and there may
be many other proinflammatory or anti-inflammatory agents in
both sources that were not measured in our study. To discuss the
role of each single GF and IL is out of the purpose of this work (for
references see2 21), but it’s to highlight here the role of IL-13,
a natural anti-inflammatory cytokine shown in this study to be
correlated with improvement of subjective symptoms. Under these
premises, the hypothesis is that this natural combination of epithe-
liotropic factors might increase the efficacy of the treatment,
although this issue strongly deserves and still needs further studies.
In conclusion, data from this study support the clinical use of

allogeneic PBS eye drops from adult donors, as a new and safe blood
product effective in decreasing epithelial corneal damage already
after 4weeks of treatment. CBS eye drops seem to bemore effective
not only in reducing corneal epithelial damage but also in decreasing
symptoms. Due to CBS sampling at delivery, its availability may be
more restricted as comparedwith PBS. For this reason, a hypothesis
could be to preferably dispense CBS in those cases where severe and
unsustainable symptomatology is associated.

Figure 3 Within individual comparison in the cross over period of the
study. Changes in period 1 (differences between V4 and V2) were compared
with changes in period 2 (differences between V8 and V6) with respect of
corneal damage (top), Visual Analogue Score (VAS) scale (middle) and
Ocular Surface Disease Index (OSDI) score (bottom) in the same group of
individuals entering the period 2 of the study. In the left column results for
the eight patients receiving CBS in period 1 and PBS in period 2. In the right
column results for the 11 patients receiving PBS in period 1 and CBS in
period 2. The CBS treatment resulted in a higher reduction of corneal
damage, either as administered in period 1 (top left) or period 2 (top right).
The CBS treatment resulted in a higher reduction of VAS score only when
administered in period 1 (middle left) but not when administered in period 2
(middle right). The same trend was observed for the OSDI score (bottom left
and right). CBS, cord blood serum; PBS, peripheral blood serum.
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