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Abstract

BACKGROUND: Age-related macular degeneration (AMD) is a common cause of blindness 

worldwide. Neovascular AMD (nAMD) is an advanced form of the disease, in which excess 

vascular endothelial growth factor (VEGF) induces growth of new blood vessels that leak fluid, 

accounting for 90% of vision loss in AMD. Dysfunction of the retinal pigment epithelium likely 

initiates AMD. Retinal pigment epithelial cells express a G protein-coupled receptor, GPR143, 

which downregulates VEGF in response to levodopa. Anti-VEGF therapy effectively treats 

nAMD, suggesting that excessive VEGF activity drives the pathology.

METHODS: In an open-label pilot study, in patients with newly diagnosed nAMD and naïve to 

anti-VEGF injections (Cohort-1), the effects of carbidopa-levodopa on vision and anatomic 

outcomes were evaluated for 4 weeks. Then patients were followed 5 months further with 

ascending levodopa doses. Patients previously treated with anti-VEGF injection therapy 

(Cohort-2) were also treated with ascending levodopa doses and evaluated for 6 months.
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RESULTS: Levodopa was safe, well tolerated, and delayed anti-VEGF injection therapy while 

improving visual outcomes. In the first month, retinal fluid decreased by 29% (P = .02, n = 12) 

without anti-VEGF treatment. Through 6 months the decrease in retinal fluid was sustained, with a 

mean frequency of 0.38 injections/month. At month 6, mean visual acuity improved by 4.7 letters 

in Cohort-1 (P = .004, n = 15) and by 4.8 letters in Cohort-2 (P = .02, n = 11). Additionally, there 

was a 52% reduction in the need for anti-VEGF injections in Cohort-2 (P = .002).

CONCLUSIONS: Our findings suggest efficacy and support the pharmacological targeting of 

GPR143 with levodopa for the treatment of nAMD in future studies.
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INTRODUCTION

Age-related macular degeneration (AMD) is a common cause of blindness in developed 

countries, with a rising prevalence as life expectancy increases.1–3 The disease is 

characterized by the degeneration of the central part of the retina, the macula, which is 

responsible for high-acuity vision. In the United States, >15% of the population past the age 

of 70 years has AMD, for which we lack adequate prevention or treatment.3,4 Neovascular 

age-related macular degeneration (nAMD) is characterized by the abnormal ingrowth of new 

blood vessels from the choriocapillaris into the sub-retinal pigment epithelial or subretinal 

space, which can cause fluid and blood to leak.5 The observed angiogenesis is due to 

excessive vascular endothelial growth factor (VEGF).6 nAMD represents only 10%−15% of 

all AMD cases, however, it accounts for 90% of the vision loss attributed to the disease.7

One of the strongest risk factors associated with AMD is race, where vision loss from the 

disease is most prevalent in the white population.8,9 We interpret the racial bias to suggest 

that ocular pigmentation protects from AMD, because those with the least pigmentation are 

particularly susceptible. We discovered the ligand for a G protein-coupled receptor that is 

part of the pigmentation pathway, GPR143.10 The ligand for GPR143 is levodopa, an 

intermediate product of pigment synthesis.11 GPR143 is found on the apical surface of the 

retinal pigment epithelium, a monolayer of pigmented cells located between the choroid and 

neural retina, likely the primary tissue that initiates AMD pathobiology. In retinal pigment 

epithelial cells, activation of GPR143 by levodopa significantly upregulates pigment 

epithelium-derived factor (PEDF),12 a potent anti-angiogenesis factor,13 and simultaneously 

downregulates the production of VEGF.10,12 VEGF is the target of current nAMD therapies 

to slow angiogenesis. This strategy is successful, but requires frequent intravitreal injections.
6 The efficacy of this treatment indicates that nAMD pathobiology is caused by an 

overabundance of VEGF. Levodopa is commonly used to treat movement disorders, such as 

Parkinson disease, as the supplemental levodopa is converted to dopamine in neurons.14,15 

Brilliant et al16 sought to evaluate whether patients taking levodopa for movement disorders 

were protected from AMD, likely from activation of GPR143 in the retinal pigment 

epithelium. They developed a retrospective analysis to determine if there is a possible link 

between levodopa and AMD; it examined clinical data encompassing >87 million 
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individuals. People with a history of levodopa prescriptions were significantly less likely to 

develop any type of AMD. Further, if they did develop the disease, age of onset was 

significantly delayed, by 8 years. This led to the conclusion that levodopa supplementation 

may protect from AMD, and a prospective study was warranted.

Currently there are limited preclinical models to study AMD. Patients with nAMD require 

significant ophthalmology care, most notably, frequent anti-VEGF injections to stop 

angiogenesis. Here we present a study of patients with nAMD to determine whether 

levodopa has a positive effect on vision and anatomic outcomes, to evaluate the safety and 

tolerability of levodopa, and determine whether levodopa supplementation can reduce 

necessary anti-VEGF injections.

METHODS

Study-1 Design: Carbidopa-Levodopa in Neovascular Age-Related Macular Degeneration

This study was a proof-of-concept phase 2 clinical trial conducted in a private 

ophthalmology practice (ClinicalTrials.gov identifier NCT03022318) between September 

2017 and December 2019. Participant recruitment started September 2017. Institutional 

Review Board approval was obtained prior to study initiation and all patients provided 

written informed consent. Study-1 enrolled 20 patients who met the inclusion criteria 

(Supplementary Figure, A). After baseline measurements were obtained, the patients in 

Cohort 1 (Supplementary Table 1) were assigned to carbidopa-levodopa 25–100 mg 

(hereinafter termed levodopa) 1 tablet at bedtime (quaque hora somni [QHS]) or 1 tablet 3 

times a day (TID). The patients were evaluated weekly for 1 month and continued to be 

under the care of their referring retina specialist. After each follow-up visit, the retina 

specialist was notified of the patient’s best-corrected visual acuity (BCVA) and anatomic 

changes determined by spectral domain-optical coherence tomography (SD-OCT). The 

patient’s retina specialist ultimately determined whether anti-VEGF therapy was required. 

At the end of Study-1, patients were enrolled in the 12-month study (Study-2; 

ClinicalTrials.gov identifier NCT03023059/NCT03197493).

Study-2 Design: Dose Ranging of Carbidopa-Levodopa

This open-label proof-of-concept study conducted in a private ophthalmology practice 

(ClinicalTrials.gov identifier NCT03023059) started participant recruitment in May 2017. 

Institutional Review Board approval was obtained prior to study initiation and all patients 

provided written informed consent. In this trial, patients who had completed Study-1 

(Cohort 1, n = 17), or who had been receiving anti-VEGF injections for at least 3 months 

(Cohort 2, n = 14), were enrolled for 3 months and evaluated monthly. Patients received 

escalating doses of levodopa; 1 tablet QHS the first month, followed by 1 tablet TID the 

second month and then 2 tablets TID from the next month on (Supplementary Figure, B). 

The open-label extension (ClinicalTrials.gov identifier NCT03197493) continued to evaluate 

the tolerability and efficacy of the highest dose of levodopa (2 tablets TID). After baseline 

measurements were obtained (Supplementary Table 2), the patients were evaluated monthly 

and continued to be under the care of their referring retina specialist. After each follow-up 

visit, the retina specialist was notified of the patient’s BCVA and anatomic changes. The 
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patient’s retina specialist determined whether the patient required anti-VEGF therapy. 

Although Study-2 is still ongoing, here we report the results of levodopa at the 1- and 6-

month time points.

Study Drug: Carbidopa-Levodopa

Levodopa was given as a combination therapy with carbidopa, as is standard for treatment of 

movement disorders. Inclusion of carbidopa reduces the peripheral conversion of levodopa 

to dopamine, thus, nausea and other peripheral effects are decreased by approximately 80% 

and the bio-availability of levodopa in the central nervous system is increased.17,18 An 

Investigational New Drug Application 132078 was submitted for this indication.

Inclusion/Exclusion Criteria

To be included in the studies, patients had to be at least 50 years old and have a clinical 

diagnosis of AMD with choroidal neovascularization in one eye, among other criteria (for a 

complete list of eligibility criteria, see Supplementary Table 3).

Outcome Measures

The primary efficacy endpoint was the mean change in BCVA, which was evaluated by the 

same 2 investigators. Secondary endpoints were retinal fluid and central retinal thickness 

(CRT), evaluated by SD-OCT using a Spectralis OCT device (Heidelberg Engineering, 

Heidelberg, Germany). SD-OCT examinations were performed by the same 2 technicians 

and comprised a 25-line volume scan over the central 1-mm area. CRT was calculated 

automatically using the OCT software, and retinal fluid was determined by semi-automated 

macular segmentation of SD-OCT images at 240-μm intervals, with summation of the retinal 

area with visible fluid. In Cohort 2, an additional measure was the change in the frequency 

of anti-VEGF injections during 6 months of treatment, compared with the frequency of 

injections prior to study enrollment. Safety outcome measures included the incidence and 

severity of ocular and systemic adverse events.

Statistical Analysis

Sample size was based on practical recruitment considerations, not on a formal power 

calculation for this exploratory study. We verified the distribution of data prior to analyses 

with the Shapiro-Wilk test for normal distribution. Data meeting this criterion were 

compared with Student’s t test. In case of nonparametric testing, Wilcoxon matched-pairs 

signed rank tests were applied. All statistical analyses were 2-sided, and Holm-Bonferroni 

adjustments were included. One missing data point was imputed using the last-observation-

carried-forward method. Analyses were performed using SPSS (version 25; SPSS Inc, 

Chicago, Ill) and GraphPad Prism (version 8.3.1; GraphPad Software; San Diego, Calif).

RESULTS

One-Month Evaluation of Outcome Measures in Cohort 1

The primary and secondary results at 1 month are summarized in Figure 1. Twelve patients 

did not require anti-VEGF intervention; in these patients, the mean improvement in visual 
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acuity was evident 7 days after taking levodopa, with a BCVA increase of 2.9 letters (P 
= .03). At 4 weeks of taking levodopa, the mean BCVA increased by 5.0 letters (P = 0.03) 

(Figure 1A). At week 4, the measured mean CRT had a modest but significant decrease of 

4.8 μm; P = .02 (Figure 1B). We observed a 29% mean decrease in retinal fluid at week 4; P 
= .01 (Figure 1C). Ten of the 12 patients in this group responded positively to treatment with 

a decrease in retinal fluid (Figure 1D). An example of a patient’s retinal fluid response to 

levodopa treatment through month 3, at the same macular segmentation line, is illustrated in 

Figure 2.

Six-Month Evaluation of Outcome Measures in Cohort 1

Over 5 additional months, these patients continued with escalating doses of levodopa 

treatment. The observed mean BCVA at month 6 illustrated a continued improvement of 4.7 

letters (P = .004). In this cohort, 2 patients gained 13 letters, and none lost more than 4 

letters. The overall improvement in visual outcome was supported by SD-OCT 

measurements; mean CRT decreased by 51.4 μm (P = .01), and the mean percentage 

decrease in retinal fluid was 41% (P = .01). The results are summarized in Table 1. In this 

group, during the 6 months of levodopa treatment; 4 patients did not require any anti-VEGF 

injections and the mean anti-VEGF injection frequency was 0.38 injections/month.

Six-Month Evaluation of Outcome Measures in Cohort 2

The results of Cohort 2 at 6 months are summarized in Figure 3 and Table 1. Noteworthy 

outcomes include an improvement in visual acuity, with a continued increase in mean BCVA 

of 4.8 letters (P = .02) (Figure 3A). Nine of the 11 patients in this group gained letters, 3 

gained 11 letters, and none lost more than 4 (Figure 3B). Retinal fluid and CRT remained 

stable; 9 of the 11 patients in Cohort 2 responded positively and were associated with a 

decrease in retinal fluid at 6 months. Figure 3C illustrates individual percentage change in 

retinal fluid. During the 6 months of levodopa treatment, 3 patients did not require any anti-

VEGF injections, and the mean anti-VEGF injection frequency for the cohort was 0.41 

injections/month (Figure 3D), a mean reduction of 52% compared with pre-study (P = .002).

Ocular and Systemic Adverse Events

Both studies demonstrated an acceptable safety profile in 28 patients treated with levodopa 

for 6 months. One patient reported an ocular serious adverse event due to an intraocular lens 

displacement in the study eye (not study drug related) and 1 patient reported an ocular 

adverse event involving blurred vision. There were 3 serious adverse events that were not 

study drug related: total knee replacement, pelvic fracture, and hospitalization due to 

resection of recurrent ovarian cancer. A portion of the non-ocular systemic adverse events 

reported were generally consistent with those described during treatment with levodopa,18,19 

and are summarized in Supplementary Table 4.

DISCUSSION

AMD is a leading cause of irreversible blindness. It affects individuals of all ethnicities; 

however, vision loss due to AMD is most common in whites and least common in patients of 

African descent.20,21 While nAMD occurs in only 10%−15% of AMD cases, it is 
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responsible for most of the vision loss,7,22 and is a serious and expensive medical problem. 

Currently, the accepted treatment for those affected with nAMD involves frequent 

intravitreal anti-VEGF injections to block VEGF activity.6 Although effective, these 

injections are very expensive. According to the Centers for Medicare and Medicaid Services, 

the total cost of the medications in the United States (aflibercept, ranibizumab, and 

bevacizumab) in 2017 was $4.8 billion, and the total payments for the injection procedure 

were $3.9 billion, totaling $8.7 billion. Increased life expectancy will further escalate the 

prevalence of AMD; 8.7% of the global population has AMD, and the number of cases is 

projected to increase to approximately 288 million in 2040.23 This means the cost of anti-

VEGF injection therapy will increase substantially.

The retinal pigment epithelium is the most likely initial tissue affected in AMD; it has a G 

protein-coupled receptor, GPR143, which is activated by levodopa.10 GPR143 is a 

component of the pigmentation pathway; the source of levodopa, such that the retinal 

pigment epithelium both synthesizes and responds to levodopa. The retinal pigment 

epithelium loses melanin as part of normal aging,24 while also exhibiting decreased 

secretion of the neurotrophic factor PEDF.25 Our past studies have shown that signaling 

through GPR143 simultaneously increases PEDF while decreasing VEGF secretion;10,12 

both activities may benefit the aging retina. Further, Brilliant et al16 showed that patients 

with a history of levodopa for movement disorders had a lower risk of developing AMD, and 

if they did, the age of onset was significantly delayed. This led to the idea that GPR143 

signaling can be pharmacologically targeted with levodopa to prevent or treat AMD.

In these proof-of-concept studies, we tested whether levodopa treatment improves visual 

acuity and the anatomical changes caused by nAMD. We also evaluated the safety and 

tolerability of escalating doses of levodopa and tested whether levodopa reduces or delays 

anti-VEGF therapy. Patients with nAMD require frequent evaluations; their vision can 

deteriorate quickly without anti-VEGF injections, and a delay in anti-VEGF treatment can 

affect long-term vision preservation.26 With this in mind, we expected that convincing 

evidence of any levodopa effect, positive or negative, assessed by both investigators and the 

patient’s referring retina specialist, would be observed quickly and with a limited number of 

patients, representing minimal risk. Also, because the effects of anti-VEGF injections on 

nAMD can be seen in days,27 we decided to measure endpoints (BCVA, CRT, and retinal 

fluid) that allow the identification of early signs of effectiveness of levodopa treatment.

Study-1 evaluated the immediate effects of levodopa in patients with newly diagnosed 

nAMD. We were able to establish a beneficial visual acuity effect; by 7 days of treatment, 

the mean BCVA increase was 2.9 letters. In a multicenter sham-controlled study (MARINA) 

in patients receiving injections of 0.3 or 0.5 mg of ranibizumab, the mean BCVA increases at 

1 week were 2.3 and 2.6 letters, respectively, and the sham-injection group increased by 0.6 

letters.28 At 4 weeks of levodopa treatment, the mean BCVA significantly increased by 5.0 

letters (Figure 1A). In a multicenter randomized clinical trial (CATT) that evaluated the 

effects of ranibizumab or bevacizumab, at 4 weeks the mean BCVA increase was 3.6 letters 

and 4.3 letters, respectively.29 The observed early visual acuity improvements with levodopa 

are comparable with the early visual acuity improvements reported with ranibizumab and 

bevacizumab. Further, anatomical measures of nAMD pathology, such as increased CRT and 
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retinal fluid, significantly improved after 1 month of levodopa treatment (Figures 1B and 

1C). While the natural history of the disease includes fluctuations in retinal fluid, we would 

not expect the consistent reductions in patients naı¨ve to anti-VEGF injections that we 

observed, without our intervention (Figure 1D). This retinal fluid observation is consistent 

with the mechanism of action of levodopa, namely, decreased VEGF activity. Furthermore, 

the results of Cohort 1 at 6 months showed a significantly improved effect across all 

endpoints (Table 1). However, levodopa may be unlikely as a stand-alone therapy in patients 

with newly diagnosed nAMD, as 11 of the 15 patients still required anti-VEGF injections. 

However, levodopa did result in fewer required anti-VEGF injections (0.38 injections/

month) to improve visual function and stabilize nAMD retinal changes, compared with a 

monthly injection regimen. Similarly, in Cohort 2, we observed a significant improvement in 

visual acuity with a mean increase of 4.8 letters at 6 months (Figure 3A). The observed 

effect in our study was comparable with the 5.6- and 6.5-letter gain at 6 months in patients 

treated monthly with 0.3 mg or 0.5 mg of ranibizumab, respectively.28 The improvement in 

our study is particularly impressive because the patients were already receiving anti-VEGF 

injections, which had almost certainly already improved visual acuity and anatomical 

features prior to enrollment (Table 1). The reported positive results, in conjunction with 3 of 

the 11 patients not requiring further anti-VEGF injections in 6 months, and a 52% mean 

decrease in necessary anti-VEGF injections, are particularly significant (Figure 3D).

The major limitations of our study include the small sample size and limited patient racial 

diversity. As previously mentioned, we designed these initial clinical trials as limited proof-
of-concept studies. There are effective treatments for nAMD, and any trial withholding 

treatment carries risk and may raise ethical concerns. To reduce this, we did not include a 

placebo-control group, which limits interpretation. However, our results suggest that 

levodopa treatment had a beneficial effect on nAMD.

While levodopa has a well-established safety profile with known adverse events, these 

events can be more frequent in an older group of patients, such as those with nAMD.15,17 In 

this study, levodopa was well tolerated and accompanied by limited adverse events 

(Supplementary Table 4). Collectively, our observations indicate that this oral, systemic 

medication with a well-established safety history has the potential to stabilize and improve 

vision while reducing the pain, risks, and financial burden of frequent anti-VEGF injections. 

Using levodopa as an adjuvant therapy for nAMD could well alter the course of disease 

progression and save billions of dollars without sacrificing vision.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL SIGNIFICANCE

• Levodopa treatment improved visual outcomes and stabilized neovascular 

age-related macular degeneration-related retinal changes.

• In patients taking levodopa, anti-vascular endothelial growth factor (VEGF) 

injection frequency was reduced.

• Oral levodopa was safe and well tolerated.

• Levodopa may be effective as an adjuvant to anti-VEGF injection therapy.
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Figure 1. 
Changes from baseline in best-corrected visual acuity (BCVA), central retinal thickness 

(CRT), and retinal fluid in patients naïve to intravitreal anti-vascular endothelial growth 

factor therapy (Cohort 1). (A) Mean change from baseline in BCVA ± SE during a 1-month 

period of levodopa treatment and for comparison, the reported changes in visual acuity 

adapted from a multicenter, 24-month, sham-controlled study in patients receiving 

intravitreal injections of ranibizumab (0.3 mg or 0.5 mg).28 Starting from a baseline mean of 

43.4 letters (20/40), at week 1, BCVA increased by 2.9 letters, P = .03; and at week 4, BCVA 

increased by 5.0 letters with levodopa treatment, P = .03. (B) Mean change from baseline in 

CRT ± SE over time, CRT decreased by 4.8 μm, P = .02. Wilcoxon-matched pairs signed 

rank analyses were used to assess changes in BCVA, and paired-sample t tests were used for 

changes in CRT. (C) Mean percentage change from baseline in retinal fluid ± SE at 1 and 4 

weeks. Mean retinal fluid decreased 13% by week 1, P = .07 and by 29% at week 4 (P = .01; 

95% CI, −50.3% to −8.2%). To evaluate percentage change in retinal fluid at weeks 1 and 4, 

from a theoretical mean of no observed change (retinal fluid = 0.0), one-sample t tests were 

used. (D) Percent change in retinal fluid at 4 weeks in individual patients. Statistical tests in 

this figure were 2-sided and adjusted for multiple comparisons with Holm-Bonferroni 

correction, n = 12.
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Figure 2. 
Spectral domain-optical coherence tomography images of the same macular segmentation 

line at baseline and monthly follow-up visits in a patient naı¨ve to intravitreal anti-vascular 

endothelial growth factor (VEGF) therapy. There was a 59% reduction in retinal fluid at 1 

month; retinal fluid completely resolved at the same macular segmentation line at month 2, 

and fluid remained stable up to month 3 without anti-VEGF injections. Collectively, all 

macular segmentation lines revealed a 92% total retinal fluid decrease at 3 months.
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Figure 3. 
Changes in best-corrected visual acuity (BCVA) and reduction in anti-vascular endothelial 

growth factor injections during levodopa treatment in Cohort 2. (A) mean changes from 

baseline in BCVA ± SE in response to levodopa treatment. Starting from a baseline mean of 

41 letters (20/40), BCVA increased by 4.4 letters at month 1, P = .06; and continued to 

improve through month 6, BCVA increased by 4.8 letters, P = .02; paired-sample t test. (B) 
Illustrates individual patient changes in BCVA at month 6, (C) shows individual patient 

percentage changes in retinal fluid at month 6, and (D) shows individual patient anti-VEGF 

injection rates prior to and during levodopa treatment; insets show mean injections per 

month ± SE. Overall, there was a 52% decrease in the rate of required intravitreal injections, 

compared with injection frequency prior to levodopa (P = .002; 95% CI, 16%−67%, paired-

sample t test). Statistical tests in this figure were 2-sided and adjusted for multiple 

comparisons with Holm-Bonferroni correction, n = 11.
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Table 1

Primary and Secondary Endpoints of Eyes with Neovascular Age-Related Macular Degeneration Treated with 

an Escalating Dose of Levodopa Through 6 Months

Change from Baseline at Month-6 Cohort 1 (n = 15) Cohort 2 (n = 11)

Change in BCVA (letters)

 Mean ± SE 4.7 ± 1.4 4.8 ± 1.5

 95% CI for mean (1.8–7.7) (1.4–8.2)

 Median 5.0 5.0

 P value .004*
.02

†

Change in CRT (μm)

 Mean ± SE −51.4 ± 19.2 4.0 ± 9.5

 95% CI for mean (−92.7 to −10.1) (−17.1–25.1)

 Median −31.0 −3.0

 P value .01* ns*

Change in retinal fluid (%)

 Mean ± SE −41 ± 13.4 3.7 ± 35.5

 95% CI for mean (−69.6 to −12) (−75.3–82.7)

 Median −43.5 −12.8

 P value
.01

‡
ns

§

BCVA = best-corrected visual acuity, measured with the use of the Early Treatment Diabetic Retinopathy Study protocol at 7 m; CI = confidence 
interval; CRT = central retinal thickness; SE = standard error.

*
Wilcoxon matched-pairs signed rank analysis.

†
Paired-sample t test.

‡
One-sample t test.

§
One-sample Wilcoxon signed rank test. Data meeting the criterion of a normal distribution were compared with parametric Student’s t tests. In 

case of non-parametric testing, Wilcoxon matched-pairs signed rank tests were applied.
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