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Abstract

Background: Dry age-related macular degeneration (dry AMD) is a severe neurodegenerative disease of the retina that can lead to blindness. We assessed the vision-
related quality of life in patients with dry AMD treated with intravitreal bone marrow-derived stem cells.

Methods: The study included 10 patients with dry AMD treated with intravitreal bone marrow-derived stem cells. The vision-related quality of life was evaluated
using the National Eye Institute Visual Function Questionnaire-25. Patients answered a questionnaire before treatment and 3 and 12 months after treatment.

Results: All patients completed the survey as scheduled. There was a statistically significant improvement (p < 0.05) in the quality of life of patients 6 months after
treatment, especially in mental health (p = 0.003), colour vision (p = 0.005), general vision (p = 0.05), and dependence (p = 0.067). There was a decline in general health

(p = 0.77). There were improvements in the answers to other questions, but the results were not statistically significant.

Conclusion: Cell therapy with intravitreal bone marrow-derived stem cells improved the quality of life of patients with dry AMD. A larger number of cases will be

necessary to more fully evaluate the effects of this therapy on the quality of life of these patients.

Introduction

Age-related macular degeneration (AMD) is a degenerative and
disabling ocular disease that requires effective preventive and curative
treatment [1]. Its main manifestation is progressive and irreversible loss
of central vision in patients over 50 years of age [2-4]. It affects 8.7% of
the elderly population worldwide [5] and has been predicted to affect
approximately 196 million patients in 2020 and 288 million patients in
2040 [6]. It is the leading cause of blindness in patients over 50 years of
age in developed countries [7]. In developing countries, such as Brazil,
it is the third leading cause of blindness. However, because of changes
in epidemiological profiles and because of the aging population, the
severity is expected to increase.

The pathogenesis of AMD is not fully understood [8,9]. The two
forms of AMD are exudative and dry AMD. Exudative AMD occurs
less frequently (15%) than dry AMD (85%), with the former accounting
for approximately two-thirds of significant visual losses [3,10,11].
Mechanisms for the development of geographic atrophy include
ischemia, senescence, and oxidative and photo-oxidative damage and
inflammation, either directly or through apoptotic mechanisms [11,12].

While anti-vascular endothelial growth factor therapy has
revolutionized the treatment of exudative AMD, the only currently
approved treatment for dry AMD is based on the Age-Related
Eye Disease Study (AREDS). This study reported that daily oral
supplementation with antioxidant vitamins and minerals reduced the
risk of developing advanced disease by 25% in five years [8,9].

The treatment for dry AMD poses a challenge because there is no
approved therapy. Based upon its pathology and limitations, studies
have suggested therapeutic alternatives, including the use of stem cells
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[13]. Some studies have evaluated the trophic effects on retinal diseases
of autologous hematopoietic stem cells derived from the bone marrow
[1,14-18]. In the current report, we used the National Eye Institute
Visual Function Questionnaire (NEI-VFQ) to assess the quality of life
status of patients with dry AMD treated with intravitreal use of bone
marrow-derived stem cells.

Methods

The study protocol adhered to the tenets of the Declaration of
Helsinki and was approved by the National Commission on Ethics in
Research connected to the National Health Council of Brazil. The study
was registered in clinicaltrial.gov (NCT01518127). It was conducted in
a single centre (Hospital das Clinicas, Medical School Ribeirao Preto,
Sao Paulo, Brazil). All participants gave written informed consent.

Patients were evaluated at the Retina and Vitreous Section of the
Department of Ophthalmology, Otorhinolaryngology and Head and
Neck Surgery, School of Medicine of Ribeirao Preto. Throughout
the study, a single certified examiner performed the Early Treatment
Diabetic Retinopathy Study best-corrected visual acuity (BCVA)
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measurement before any other study procedure. Ophthalmic evaluation
was performed by a single retinal specialist (C.C.C.), and stereoscopic
fundus photography, fluorescein and indocyanine green (ICG)
angiography, microperimetry, and optical coherence tomography were
performed by a single certified ophthalmic technician.

Patient eligibility

Patients were included if they had: 1) a diagnosis of hereditary
retinal dystrophy classified clinically as dry AMD and 2) an Early
Treatment Diabetic Retinopathy Study BCVA of 20/200 or worse.
Exclusion criteria were: 1) a previous ocular surgery other than cataract
extraction; 2) the presence of cataract or other media opacity that
would prevent high-quality ocular imaging or that would affect the
electroretinography or visual field evaluations; 3) the presence of other
ophthalmic disease, such as glaucoma or uveitis; 4) a history of blood
disorders, such as leukemia; 5) a known allergy to fluorescein or ICG
angiography; or 6) known coagulation abnormalities or current use
of an anticoagulative medication other than aspirin. If both eyes were
eligible for treatment, the eye with the worse visual acuity (VA) was
included in the study.

Collection of the bone marrow aspirate

The technique used to obtain a bone marrow aspirate was similar
to the method used in oncological and haematological procedures for
bone marrow transplantation. The procedure was performed in the
Bone Marrow Transplantation Sector of the HCFMRP-USP by a team
of haematologists. After antisepsis with iodopovidone and lidocaine
anaesthesia, a needle was introduced into the posterior iliac crest, and
5-10 mL of bone marrow was aspirated using a syringe containing
heparin.

Cell processing

The bone marrow aspirate was processed on the same day using
Ficoll-Hypaque gradient centrifugation (Amersham Pharmacia,
Piscataway, NJ, USA) to isolate mononuclear cells. The fraction
containing mononuclear cells was resuspended in sterile saline and
centrifuged again. The cells were characterized by flow cytometry
using a panel of monoclonal antibodies to determine the presence and
percentage of stem cells (CD34") and mature cells of hematopoietic and
lymphoid origin. The average number of cells infused was 1.68 x 10*
cells in a 0.1 mL suspension.

Intravitreal injection

All patients received a single 0.1 mL intravitreal injection of
autologous bone marrow mononuclear fraction (BMMF) containing
CD34* cells in the eye with the worst visual acuity that was assessed
using ophthalmic examinations. All intravitreal injections were
performed by the same clinician. The technique followed established
rules including preprocedural periocular and ocular preparation using
topical polyvinylpyrrolidone with iodine (PVPI) and topical ophthalmic
PVPI, respectively, and the establishment of a surgical field with a sterile
blepharostat. A 30-gauge needle was used to perform an intravitreal
injection in the upper temporal quadrant via pars plana at 4 and 3.5 mm
from the limbus in phakic and pseudophakic eyes, respectively. After
the procedure, antibiotic eye drops (a fourth-generation quinolone)
were prescribed four times per day for seven days.

Visual functioning questionnaire

The NEI-VFQ was used to evaluate the patients’ subjective visual
functions (Siqueira 2011; Chew et al. 2013). The NEI-VFQ-25 provided
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an overall score as well as 12 subscale scores involving general health,
general vision, near vision, distance vision, driving vision, peripheral
vision, colour vision, ocular pain, vision-associated role limitations,
dependency, social functioning, and mental health. The questionnaire
emphasized vision difficulties in everyday life as well as vision-relevant
psychosocial domains, such as mental health, social function, and role
difficulties. The patients completed the questionnaires for demographic
information and the NEI-VFQ, and their responses were checked
at a scheduled visit by a psychologist when the patients were asked
to complete any missing answers. The data from the questionnaire
included sex, age, education, profession, and origin. All patients were
instructed about the objectives and methodologies of the study, and all
patients gave written informed consent to participate.

The questionnaire comprised five-point scale ratings that were
transformed into percentages (0-100%). Patients were scheduled
to answer the questionnaire before treatment (baseline) and 3 and 6
months after treatment. After consultation with the Biostatistics Service,
it was decided to obtain the outcome by descriptive statistical analyses.
A value of p < 0.05 was considered to be significant in all analyses.

Results

All patients completed the survey as scheduled. There was a
statistically significant improvement (p < 0.05) in the quality of life
of patients six months after treatment, especially in issues related to
mental health (p = 0.003), colour vision (p = 0.005), general vision (p
= 0.05), and dependence (p = 0.067). There was a decline in general
health (p = 0.77). There were improvements in the answers to the other
questions that were not statistically significant (Figure 1).

The mean numbers of points of the pre-injection and 6-month
questionnaires were 39 and 47, respectively. Analyses of the differences
of the pre-injection and 6-month points showed that the patients with
a lower visual acuity had a worse quality of life (lower score) with
little improvement after the treatment. However, patients with a better
visual acuity before treatment showed a significant improvement in the
quality of life after the treatment (Figure 2).

In the same manner as the VA, the correlation between the mean
sensitivity threshold at 6 months and the VFQ-25 difference showed
that patients with less sensitive micrometry had lower scores and a
lower quality of life 6 months after treatment, and patients with a better
sensitivity in the pre-treatment microperimetry test had a significant
improvement in the quality of life after treatment (Figure 3).

The hypo-autofluorescence area was also correlated with
improvement of the VFQ-25 questionnaire after the injection, showing
an inverse correlation between the hypo-autofluorescence area and an
improvement in the quality of life score. Patients with a larger area of
hyper-autofluorescence were those who had a significant improvement
in the quality of life (Figure 4).

Discussion

Stem cells have great potential for treating degenerative diseases of
the retina [15,18-20]. In the current study, 10 patients with dry AMD
received a single intravitreal injection of a 0.1 mL suspension of BMMF
containing CD34" cells. Several studies have already reported that these
cells derived from bone marrow are incorporated after intravitreal
injections. Otani et al. was one of the first to demonstrate the presence
of hematopoietic stem cells up to 6 months after intravitreal injections
in mice [21]. Caballero et al. [22] also reported that bone marrow
CD34 cells had the capacity to engraft in the damaged retina and its
vasculature after intravitreal injections.
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Figure 1. The 12 subdomains analyzed by the Visual Function Questionnaire-25 and a comparison of pre-injection results and the results 6 months after treatment.

Figure 2. The correlation of visual acuity at 6 months with the difference in points on the Visual Function Questionnaire-25 (p = 0.03)
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Figure 3. The mean correlation of the microperimetry average threshold (micro AT) at 6 months with the difference in points on the Visual Function Questionnaire-25 at 6 months after
treatment (p = 0.005)
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Figure 4. The correlation between the size of the hypo-fluorescence area and the point
difference on the Visual Function Questionnaire-25 questionnaire at 6 months after
treatment (p = 0.005)

In the current study, we determined the quality of life using
the VFQ-25 questionnaire. Siqueira et al. have already performed
this analysis in 20 patients with retinitis pigmentosa who received
intravitreal autologous BMMF containing CD34" cells. There was a
significant improvement in the quality of life after 3 months of follow-
up. The authors also observed that the quality of life was directly related
to macular sensitivity (Siqueira et al. 2015a).

The results of the current study showed improvements in the quality
of life at 6 months, especially in mental health and colour vision. Mental
health was evaluated using four questions about concerns because of a
lack of vision, fear of making mistakes when performing activities that
were already routine, and embarrassing confusion about bathroom and
toilet activities. Based on the 6-month questionnaire after treatment,
the patients were more confident performing these activities. These
results were important because the mental health question had the
lowest score (16%) among the 12 questions evaluated before the
therapy. For example, the answer to the mental health question was
worse than the question concerning near vision (31%). Colour vision
was analysed by a question concerning the difficulty of patients to
choose and combine clothes by themselves. Although many patients
no longer had this difficulty, there was a significant improvement at
6 months after treatment. As in a previous study by Siqueira et al,,
there was a correlation of the best sensitivity in microperimetry with
a significant improvement in the quality of life at 6 months. There
was also a significant and directly proportional correlation between
patients with a higher quality of life and a better VA that was inversely
proportional to the size of the hypo-autofluorescence lesion obtained
from autofluorescence retinography.

Conclusion

Cell therapy using intravitreal injection of bone marrow-derived
stem cells improved the quality of life of patients with dry AMD. In
future studies, a larger number of cases and longer follow-up will be
necessary to further evaluate the effects of this therapy on the quality
of life of patients.
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