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Background. The use of blood-derived eye drops for topical treatment of ocular surface diseases

has progressively increased in recent years.

Materials and methods. To evaluate the use of serum eye drops in ocular surface disorders, we

performed a systematic search of the literature.

Results. In this systematic review, we included 19 randomised controlled trials (RCTs) investigating

the use of serum eye drops in 729 patients compared to controls. For the quantitative synthesis, we
included only 10 RCTs conducted in patients with dry eye syndrome comparing autologous serum
to artificial tears. At 2-6 weeks, no clear between-group differences in Schirmer test (MD 1.05; 95%
CI: —0.17-2.26) and in fluorescein staining (MD —0.61; 95% CI: —1.50-0.28) were found (very low-
quality evidence, down-graded for inconsistency, serious risk of biases, and serious imprecision).
Slightly higher increase in tear film break-up time (TBUT) scores in autologous serum compared to
control (MD 2.68; 95% CI: 1.33-4.03), and greater decrease in ocular surface disease index (OSDI) in
autologous serum compared to control (MD —11.17; 95% CI: —16.58 - =5.77) were found (low quality
evidence, down-graded for serious risk of bias, and for inconsistency). For the Schirmer test, fluorescein
staining and TBUT, data were also available at additional follow-up timing (2-12 months): no clear
between-group differences were found, and the quality of the evidence was graded as low/very-low.

Conclusions. In patients with dry eye syndrome, it is unclear whether or not the use of autologous
serum compared to artificial tears increases Schirmer test and fluorescein staining scores at short-term
and medium-/long-term follow up. Some benefit at short-term follow up for the outcome of TBUT

and OSDI was observed, but the quality of the evidence was low.

Keywords: ocular surface disease, dry eye syndrome, serum eye drops, autologous allogeneic

umbilical cord blood.

Introduction

The idea of using blood-derived topical therapy in
treating ocular surface diseases was first presented over
40 years ago by Ralph ez al.'. They developed a mobile
ocular perfusion pump to deliver autologous serum to the
injured ocular surface of patients with chemical burns.
Since then, many other authors have experimented the
use of serum eye tears in a wide range of surface ocular
diseases, mainly in the field of Sjogren syndrome-related
dry eye, and have documented their direct effect, not
only in alleviating symptoms, but also in promoting the
re-epithelisation process®'2.

Blood-derived eye drops may be autologous, i.e.
prepared from patients' own peripheral blood (such
as autologous serum, platelet-rich plasma and platelet

lysate) or homologous, i.e. prepared from donors (such
as allogeneic peripheral blood serum and umbilical cord
blood serum)?®. The biochemical properties of autologous
serum eye drops resemble those of human tears. In
particular, they contain several growth factors, including
epidermal growth factor, transforming growth factor-f3
and platelet-derived growth factors, nutrients and proteins
that allow tissue repair and regeneration to take place!*!4.
These characteristics form the basis of the increasing
clinical use of autologous and homologous serum eye
drops in ophthalmology seen over the last 20 years.

The purpose of this systematic review and meta-
analysis is to summarise the existing literature on the
use of serum eye drops in ocular surface alterations in
order to assess their potential clinical benefit!'>33.
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Material and methods
Search strategy

A computer-assisted literature search of the MEDLINE
(through PUBMED), EMBASE, SCOPUS, OVID and
Cochrane Library electronic databases was performed
(last accessed March 30, 2019) to identify studies on
the use of serum eye drops in ocular surface diseases.
A combination of the following text words was used
to maximise search specificity and sensitivity: "serum
eye drops", "blood-derived" AND "autologous" AND
"homologous" AND "allogeneic" AND "cord blood"
AND "platelet-rich plasma" AND "ophthalmology"
AND "dry eye" AND "Sjogren syndrome" AND "ocular
surface alterations" AND "corneal" AND "superficial
ocular disease" AND "randomised controlled trial".
In addition, we checked the reference lists of the most
relevant items (original studies and reviews) in order to
identify potentially eligible studies not captured by the
initial literature search.

Study selection and inclusion criteria

Study selection was performed independently by two
reviewers (MF and MC), with disagreements resolved
through discussion and on the basis of the opinion of a
third reviewer (CM). Eligibility assessment was based on
the title or abstract and on the full text if required. Articles
were eligible for this systematic review and meta-analysis
if they reported the use or serum eye drops in surface
ocular disease either in the title or in the abstract. The
other inclusion criteria required that the article should be:
i) original; ii) report a randomised control trial (RCT);
iii) published in full in English between 1999-2019. For
studies using a cross-over design, we summarised data
according to Curtin et al.**, using parallel data from the
first cross-over period and paired data from both cross-over
periods. In the qualitative analysis (bias assessment, see
Online Supplementary Content, Table SI) of this systematic
review, we included studies investigating autologous serum
compared to controls in ocular surface disease. However,
for the quantitative synthesis, we only included studies
that compared autologous serum to artificial tears in dry
eye syndrome and reported usable outcomes data. Studies
enrolling less than ten patients were excluded.

Data collection and analysis

For each RCT included in the systematic review, the
following data were extracted by two reviewers (MF and
MC) independently: first author, year of publication,
type of ocular surface disease, details of intervention
in study and control group, sample size, mean age and
male/female ratio, outcome measurements, follow
up period and main results. Measures of treatment
effect were mean differences (MD) together with 95%
confidence intervals (CI). For this measure, the score

had to be reported as mean and standard deviation
(SD); when studies reported other dispersion measures
such as standard error (SE) of the mean or 95% CI of
the mean, we calculated the SD in order to perform
the relevant meta-analytical pooling®. We used final
scores in preference to change in scores or cumulative
incidence. Primary outcomes included Schirmer test,
tear film break-up time (TBUT), fluorescein staining and
ocular surface disease index (OSDI). The unit of analysis
was the eye. The study weight was calculated using
the Mantel-Haenszel method. We assessed statistical
heterogeneity using 72, Cochran's Q and /° statistics. The
I statistic describes the percentage of total variation
across trials that is due to heterogeneity rather than
sampling error. In the case of no heterogeneity (/>=0),
studies were pooled using a fixed-effects model. Where
values of > were >0, a random-effects analysis was
undertaken®. All calculations were made using Stata
15.1, R v.3.4.3 (StataCorp LLC, College Station, TX,
USA), and REVMAN 5%, Disagreement was resolved
by consensus and by the opinion of a third reviewer
(CM), when necessary.

Assessment of risk of bias in included studies

Two review Authors (MF, MC) independently
assessed the risk of bias of each included study following
the domain-based evaluation described in the Cochrane
Handbook for Systematic Reviews of Interventions®’.
They discussed any discrepancies and achieved consensus
on the final assessment. The Cochrane "Risk of bias" tool
addresses six specific domains: sequence generation,
allocation concealment, blinding, incomplete data, selective
outcome reporting, and other issues relating to bias. We
have presented our assessment of risk of bias using two
"Risk of bias" summary figures: 1) a summary of bias for
each item across all studies; and 2) a crosstabulation of
each trial by all of the "Risk of bias" items.

"Summary of findings" tables

We used the principles of the GRADE system to
assess the quality of the body of evidence associated
with specific outcomes, and constructed a "Summary
of findings" table using REVMAN 5. These tables
present key information concerning the certainty
of the evidence, the magnitude of the effects of the
interventions examined, and the sum of available data
for the main outcomes*®. The "Summary of findings"
tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE
approach, which defines the certainty of a body of
evidence as the extent to which one can be confident that
an estimate of effect or association is close to the true
quantity of specific interest. The certainty of a body of
evidence involves consideration of within-trial risk of
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bias (methodological quality), directness of evidence,
heterogeneity, precision of effect estimates, and risk of
publication bias**. When evaluating the "Risk of bias"
domain, we down-graded the GRADE assessment when
we classified a study as being at high risk of bias for one
or more of the following domains: selection, attrition,
performance, detection, reporting, and other bias; or
when the "Risk of bias" assessment for selection bias
was unclear (this was classified as unclear for either
the generation of the randomisation sequence or the
allocation concealment domain). We have presented
the following outcomes in the "Summary of findings"
table: Schirmer test, TBUT, fluorescein test and OSDI.

Results

In this systematic review, we included 19 RCTs
investigating autologous serum compared to controls'>-33,
A total of 729 patients were evaluated. The main
characteristics of the included studies are summarised
in Table I. The study flow chart is summarised in Figure
1. For the quantitative synthesis, we included only ten
studies conducted in 353 patients with dry eye syndrome
comparing autologous serum to artificial tears and
reporting usable outcomes data!s:17:18.20.22.26-28.30.31

Risk of bias in included studies

Ten studies (50%) were at high risk of bias for one
or more domains, and 16 studies (80%) were at unclear
risk of bias for one or more domains; three studies?*232¢

were judged at low risk of bias in all the domains
(Figures 2 and 3).

Sequence generation and allocation concealment

Randomisation depends on two important aspects:
adequate generation of the allocation sequence and
concealment of the allocation sequence until assignment
occurs. We assessed three studies as being at high risk of
selection bias, as the random sequence generation was
by odd or even numbers, or based on date of admission,
so the intervention allocations could have been foreseen
in advance'>*1*2, For the random sequence generation, the
reports of another nine studies were at unclear risk of bias,
while seven studies were judged at low risk'62!-23:26.27.29,
For allocation concealment, 13 studies were judged at
unclear risk of bias, and four studies?>?*2%2¢ at low risk
of bias.

Blinding

Nine studies (45%) were reported as open label,
and they were graded as high-risk of performance bias
(blinding of participants and personnel). Four studies
were graded as unclear risk of performance bias due
to the fact that they did not provide information to
allow judgement to be made about high or low risk
of bias related to the blinding of participants and
personnel'?292433  Seven studies were judged at low
risk of performance bias since both patients and
investigators were masked to group of intervention
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Figure 1 - Flow chart of the selection of the studies.
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Figure 2 - Risk of bias graph: review Authors' judgements

about each risk of bias item for each included study.

Figure 3 - Risk of bias summary: review Authors' judgements
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allocation!'621-23:25:2630 Nine studies were graded at low
risk of detection bias due to the fact that the assessor
was blinded to treatment allocation. Nine studies were
graded at unclear risk of detection bias due to the fact
that they did not provide information to allow judgement
to be made about high or low risk of bias related to the
blinding of outcome assessors. Two studies'>*! were
graded at high risk of bias.

Incomplete outcome data

Two studies!'”?” were judged at high risk of attrition
bias because there was a high proportion of withdrawals.
Two other studies'”?° were judged at unclear risk of bias.
The remaining studies were judged at low risk of bias.

Selective reporting

Although the protocols of the studies were not always
available on prospective registers of clinical trials, we
judged the large majority of the included studies at low
risk of reporting bias because the outcomes reporting
was complete. Two studies were judged at unclear risk

of reporting bias because reported information was not
sufficient to allow review authors to extract usable data'>%.

Other potential sources of bias
We judged two studies to be at high risk for other
sources of bias because of imbalance at baseline!®?’.

Effects of interventions

For the Summary of findings for the main comparison
see Table I1, Figures 4-7, Online Supplementary Content,
Table SI and Figures S1-S6. Outcomes were reported
after a short follow-up period (up to 6 weeks) and/or at
additional follow-up periods (2-12 months).

Schirmer test

Usable data of the Schirmer test were available from
five trials'®202627-30 Two studies used a cross-over design,
and for these studies we summarised data from the first
cross-over period as in a parallel analysis and paired data
from both cross-over periods?®3°. For the follow up at 2-6
weeks pooled data from four trials (7 data sets, 496 eyes)

Experimental Control

Dry Eye, Schirmer test, 2-6 weeks

Mean Difference

Mean Difference

206

Study Mean
Celebi, 1st stage 2014  4.00 1.2963
Celebi, 2nd stage 2014  4.00 1.4815
Kojima 2005 3.70 3.1000
Mukhopadhyay 2015 9.83 8.6800
Noda-Tsuruya 2006 9.52 4.2308
Yilmaz, 1st stage 2017 10.30 1.9259
Yilmaz, 2nd stage 2017 9.90 2.5185

Total (95% Cl)

SD Total Mean

20 4.00 1.2963 20
20 4.00 1.4815 20
37 3.30 26000 37
104 425 0.9600 88
24 7.50 2.5000 30
24 10.00 2.3704 24
24 10.10 2.6667 24

253

Heterogeneity: Tau? = 2.2282; Chi? = 41.08, df =6 (P < 0.01); I” = 85%

16.1%
15.8%
14.4%
13.0%
12.1%
14.7%
13.8%

243 100.0%

SD Total Weight IV, Random, 95% CI

0.00 [-0.80; 0.80]
0.00 [0.92; 0.92]
0.40 [0.90; 1.70]
5.58 [ 3.90; 7.26]
2.02[0.10; 3.93]
0.30 [0.92; 1.52]
-0.20 [-1.67; 1.27]

1.05 [0.17; 2.26]

v, Random,_ 95% CI

4 2 0 2 4 6

<- Favours control Favours experimental ->

Figure 4 - Forest plot of comparison.

Outcome: Schirmer test at 2-6 weeks using paired data.
CI: conficence interval; SD: standard deviation.

Experimental

Dry Eye, TBUT, 2-6 weeks

Control

Study Mean SD Total

Celebi, 1st stage 2014  4.00 0.7400 20 3.00 1.4800 20
Celebi, 2nd stage 2014  4.00 0.7400 20 3.00 1.4800 20
Kojima 2005 4.30 26000 37 287 2.6100 37
Mukhopadhyay 2015 19.33 7.0000 104 12.50 1.9100 88
Noda-Tsuruya 2006 5.00 1.0000 24 4.40 1.1500 30
Urzua 2012 6.00 1.2000 24 4.00 2.3000 24
Yilmaz, 1st stage 2017 11.00 1.6300 24 7.10 1.1900 24
Yilmaz, 2nd stage 2017 13.00 2.3700 24 7.90 1.1900 24
Total (95% Cl) 277

12.9%
12.9%
12.1%
1.7%
13.0%
12.4%
12.7%
12.3%

267 100.0%
Heterogeneity: Tau® = 3.5689; Chi’ = 137.89, df = 7 (P < 0.01); 1> = 95%

Mean Difference
Mean SD Total Weight IV, Random, 95% CI

1.00 [0.27; 1.73]
1.00 [0.27; 1.73]
1.43 [0.24; 2.62]
6.83 [5.43; 8.23]
0.60 [0.03; 1.17]
2.00 [0.96; 3.04]
3.90 [3.09; 4.71]
5.10 [4.04; 6.16]

2.68 [1.33; 4.03]

Mean Difference
IV, Random, 95% CI

<- Favours control Favours experimental ->

Figure 5 - Forest plot of comparison.

Outcome: tear film break-up time (TBUT) at 2-6 weeks using paired data.
CI: conficence interval; SD: standard deviation.
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showed no clear between-group differences in Schirmer
test (MD 1.05; 95% CI: —0.17-2.26; I*’=85%)); very low
quality evidence down-graded for serious risk of bias, for
inconsistency (due to substantial heterogeneity), and for
imprecision (95% CI include line of no effect) (Table II
and Figure 4). Not surprisingly, the results were much the
same when the analysis used the data of cross-over trial
as a parallel analysis (Online Supplementary Content,
Table SI and Figure S1), thus supporting the absence of
a carry-over effect after a week washout period.

Tear film break-up time (TBUT)

Pooled data from six trials (8 data sets, 544 eyes)
showed a slightly higher increase in TBUT scores in
autologous serum compared to control (MD 2.68; 95%
CI: 1.33-4.03; *=95%); low-quality evidence, down-
graded for serious risk of bias and for inconsistency
(Table IT and Figure 5). The results were much the same
in the analysis of parallel data (Online Supplementary
Content, Table SI and Figure S2).

Fluorescein staining

Pooled data from four trials (5 data sets, 400
eyes) showed no clear between-group differences in
fluorescein staining (MD —0.61; 95% CI: —1.50-0.28;
I’=95%); very low quality evidence, downgraded
for inconsistency, serious risk of biases and serious

imprecision (Figure 6). The results were much the same
in the analysis of parallel data (Online Supplementary
Content, Table SI and Figure S3).

Ocular surface disease index

Pooled data from three trials (5 data sets, 224 eyes)
showed a greater decrease in OSDI in AS compared to
control (MD —11.17; 95% CI: —16.58 - —=5.77; I’=93%);
low quality evidence, downgraded for inconsistency and
imprecision) (Figure 7).

For the Schirmer test, fluorescein staining and TBUT
data were also available at additional follow-up timing
(from 2 to 12 months)'517:202831 For the Schirmer test,
pooled data from four studies showed no clear between-
group differences (MD, —0.11; 95% CI: —0.36-0.14,
’=0); low-quality evidence, down-graded for risk of
bias and imprecision (Online Supplementary Content,
Table SI and Figure S4). Likewise, at 2-12 months,
no clear between-group differences were found in the
results of the flurescein staining test (MD, 0.92; 95% CI:
—0.01-1.85; I*=86); very-low quality evidence, down-
graded for risk of bias, inconsistency and imprecision
(Online Supplementary Content, Table SI and Figure
S5) and TBUT (MD, 0.91; 95% CI: —0.53-2.36; I*=93;
very-low quality evidence, down-graded for risk of bias,
inconsistency and imprecision (Online Supplementary
Content, Table SI and Figure S6).

Dry Eye, Fluorescein Staining, 2-6 weeks

Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Celebi, 1st stage 2014  2.00 0.7407 20 2.00 0.7407 20 20.2% 0.00 [-0.46; 0.46] :
Celebi, 2nd stage 2014 2.00 0.7407 20 2.00 0.7407 20 20.2% 0.00 [-0.46; 0.46]
Kojima 2005 2.80 1.3000 37 3.50 2.2000 37 18.1% -0.70[-1.52; 0.12]
Mukhopadhyay 2015 5.83 1.8300 104 8.00 0.8200 88 20.5% -2.17[-2.56;-1.78] —
Noda-Tsuruya 2006 0.50 0.3500 24 0.68 0.7552 30 20.9% -0.18[-0.48; 0.13]
Total (95% Cl) 205 195 100.0% -0.61 [-1.50; 0.28] i ——
Heterogeneity: Tau? = 0.9728; Chi? = 82.46, df = 4 (P < 0.01); I = 95%

2 A1 0 1 2
<- Favours experimental Favours control ->

Figure 6 - Forest plot of comparison.

Outcome: fluorescein staining at 2-6 weeks using paired data.
CI: conficence interval; SD: standard deviation.

Experimental Control

Study Mean SD Total Mean SD Total
Celebi, 1st stage 2014 26.50 6.1800 20 43.20 7.3400 20
Celebi, 2nd stage 2014 24.80 5.3700 20 43.70 7.6100 20
Urzua 2012 30.00 8.0000 24 41.00 8.0000 24
Yilmaz, 1st stage 2017 24.10 3.4000 24 29.30 4.2000 24
Yilmaz, 2nd stage 2017 19.80 4.1000 24 24.90 4.3000 24

Total (95% CI) 112
Heterogeneity: Tau? = 34.6847; Chi? = 57.46, df = 4 (P < 0.01); 1> = 93%

Dry Eye, OSDI, 2-6 weeks

Weight 1V, Random, 95% CI

112 100.0%

Mean Difference Mean Difference
1V, Random, 95% ClI
19.3% -16.70 [-20.91; -12.49] —Jl—:

19.5% -18.90 [-22.98; -14.82] 1l

19.0% -11.00 [-15.53; -6.47] -
21.2% -5.20[-7.36; -3.04] il
21.0% -5.10[-7.48; -2.72] P
A117 [16.58; -5.77] el
T I I 1
20 10 0 10 20

<- Favours experimental Favours control ->

Figure 7 - Forest plot of comparison.

Outcome: Ocular Surface Disease Index (OSDI) at 2-6 weeks using paired data.
CI: conficence interval; SD: standard deviation.
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Discussion

In the last 40 years, blood-derived topical therapy
has been used in a wide array of clinical conditions**#!.
In particular, thanks to their properties of mimicking
the composition and function of natural tears, over the
last decades, serum eye drops have been increasingly
used in a variety of ocular surface disorders, including
mainly dry eye disease. Following the first reports
documenting that serum eye drops provide improved
tear film stability, ocular surface health, and subjective
comfort in refractory dry eye syndrome, a number of
systematic reviews and meta-analyses have tried to
perform a pooling analysis of data to assess the possible
clinical benefit of this treatment; however, results have
been inconclusive®*71%, A Cochrane review published in
2017 on the use of serum eye drops in patients with dry
eye, collecting data from five RCTs with 92 participants,
concluded that autologous serum eye drops provided
some benefit in improving patient-reported symptoms in
the short term (2 weeks) but not over long-term periods'.

Our systematic review included 19 trials evaluating
autologous serum vs controls (artificial tears alone,
saline, placebo, bandage contact lenses, umbilical cord
serum, hyaluronic acid or no treatment) in the treatment
of ocular surface diseases, including dry eye syndrome
and other clinical conditions (persistent epithelial defect,
post-surgical status, post-chemical damage). Due to the
clinical heterogeneity of these conditions, we limited
the quantitative synthesis (meta-analysis) to ten studies
evaluating autologous serum vs artificial tears in the
treatment of dry eye syndrome, a very common disorder
associated with potential damage of the ocular surface
that can result in superficial erosions of the cornea and
conjunctival epithelial defects'?. Three of these studies
had a cross-over design, but we believe that the inclusion
of cross-over design in our review was appropriate
given the relative stability of dry eye and the absence
of a carry-over effect after 1-week washout between
treatment periods. The results of the meta-analysis
showed that autologous serum eye drop may not result
in higher Schirmer test score and fluorescein staining
score in the short term (2-6 weeks) and medium/long
term (2-12 months follow up) compared to artificial tears
in patients with eye dry syndrome. Some benefit at short-
term follow up for the outcome TBUT and OSDI was
observed. The available evidence for all the comparisons
was rated as low or very low quality due to inconsistency,
imprecision, and risk of bias in most of the selected
studies. The results of our research are in agreement
with those of the Cochrane systematic review and
meta-analysis!®. However, our more recent quantitative
analysis included a larger number of trials and patients
(10 RCTs with 353 patients). In addition to the existing
literature, in this systematic review we tried to find some

clinical evidence also for other clinical conditions other
than dry eye syndrome that lead to severe ocular surface
disease (i.e., post-chemical or -surgical injury) or for
other blood-derived topical products (i.e., allogeneic
serum eye drops and umbilical cord blood serum)*>45,
but the paucity of studies retrieved did not allow us to
perform a qualitative pooling analysis of the data.

Conclusions

As outlined by other authors!®, we observed a wide
inter-studies heterogeneity, mainly due to differences
in procedures for production of autologous serum and
protocols for clinical application. Indeed, as reported
in Table I, a consistent number of trials concomitantly
used additional local therapy to autologous serum eye
drops in both cases and controls, which meant that the
effect of this blood-derived product in dry eye syndrome
could not be properly evaluated. Given this, adequately
powered and well-designed randomised trials are needed
to evaluate the long-term clinical benefit of serum eye
drops in ocular surface disorders.
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