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Abstract

Neovascular age-related macular degeneration (nAMD), also known as wet age-related macular degeneration (wAMD), is a disease affecting 
the macular area of the retina. If not timely treatment, it will cause serious damage to vision. It is one of the main causes of severe vision loss in 
people over 60 years old. At present, intravitreal vitreous injection of anti- vascular endothelial growth factor (VEGF) drugs has become the first-
line treatment of nAMD. Currently, the main anti-VEGF drugs include ranibizumab, aflibercept and conbercept. Although anti-VEGF drugs have 
made major breakthroughs in the treatment of nAMDs, therapeutic outcomes are not always the same, and patients show individualized different 
responses to therapeutic effects. The clinical factors, environmental influences and gene polymorphism affect the efficacy of anti-VEGF drugs. 
Understanding of the complex and influential factors during drug treatment are critical to achieve desirable outcomes from the patients. The efficacy 
of drugs, resistance to treatment, alternative approaches, and future directions are presented in this article. 

Keywords: Neovascular age-related macular degeneration; Anti-VEGF drugs; Gene; Influencing factors; Single nucleotide polymorphisms

Abbreviations: AMD: Age-related macular degeneration; nAMD: Neovascular age-related macular degeneration; wAMD: Wet age-related macular 
degeneration; VEGF: Vascular endothelial growth factor; CNV: Choroid neovascularization; PED: pigment epithelial detachment; PIGF: Placental 
growth factor; RAAS: Renin angiotensin aldosterone system; PRA: Plasma renin activity; ALD: Aldosterone; AngII: Angiotensin II; ION: Ischemic optic 
neuropathy; RAMA: Retinal microaneurysm; VA: Visual acuity; CRT: Foveal retinal thickness; ELM: The outer membrane; CT: Choroidal thickness; 
PCV: Polypous choroidal vascular; ICGA: Indocyanine green angiography; VEGFR-2: Vascular endothelial growth factor receptor-2; SRF: Subretinal 
fluid; NSAIDs: Non-steroidal anti-inflammatory drugs

*Corresponding author:  Weikuan Gu, Department of Orthopedic Surgery 
and BME-Campbell Clinic, University of Tennessee Health Science Center, USA

Received Date:  February 22, 2024
Published Date:  April 15, 2024

Introduction

Age-related macular degeneration (AMD) is the main cause of 
serious visual impairment and even visual acuity loss in the age  

 

of over 50, especially in developed countries such as Europe and 
North America. However, with the increasing number of patients 
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with AMD in developing countries such as China, AMD has become 
the main disease that the visual acuity irreversible decline in the 
elderly [1]. According to fundus changes, AMD can be divided 
into dry AMD and wet AMD, among which wet AMD has the most 
serious visual impairment in patients, and it is difficult to treat 
and has a relatively poor prognosis [2,3]. In dry AMD geographic 
atrophy is common, while in wet AMD mainly is in the macular area 
choroid neovascularization (CNV) or retinal neovascularization 
for pathology, cause retinal exudation, hemorrhage, retinal or 
subretinal effusion, retinal pigment epithelial detachment (PED), 
late fibrovascular or atrophic scar changes, resulting in severe 
visual damage [4,5]. According to research findings, the formation 
of CNV is closely related to vascular endothelial growth factor 
(VEGF). VEGF is a dimer glycoprotein that stimulates the growth 
and leakage of blood vessels and is composed of VEGF-A, VEGF-B, 
VEGF-C, VEGF-D, VEGF-E, VEGF-F and placental growth factor 
(PIGF), where VEGF-A is an important promoter of CNV formation 
[6].

Currently, anti-VEGF drug therapy is the standard treatment 
for neovascular AMD (nAMD). These drugs include Ranibizumab, 
Aflibercept and Conbercept, etc. However, clinical follow-up results 
have shown that some patients did not improve or maintain vision 
after receiving anti-VEGF drug therapy, and the response to anti-
VEGF drug therapy is inconsistent. Some patients fared better than 
average, while others became worse [7,8]. Environmental risk 
factors and genetic susceptibility have been shown to contribute 
the development of nAMD. Clinical and genetic factors have also 
been identified as important determinants of individual variability 
in response to anti-VEGF drug therapy. Therefore, it is important 

for clinical ophthalmologists to understand the factors that may 
affect the therapeutic effect, to guide the choice of treatment plan 
and determine the prognosis. By searching relevant literature, this 
paper summarizes the clinical factors and gene polymorphisms 
that affect the efficacy of anti-VEGF drugs in the treatment of nAMD.

Correlation Between Clinical Features and Efficacy 
of Anti-VEGF Drugs

Systemic disease effects

Hypertension, defined as systolic blood pressure >140mmHg 
or diastolic blood pressure >90mmHg, is a systemic disease that 
can have harmful effects on multiple organs such as the heart, 
kidneys, brain, and eyes [9]. Its pathogenesis mainly includes 
activation of renin angiotensin aldosterone system (RAAS), 
increased sympathetic nerve excitability, vascular endothelial cell 
damage, water sodium retention, etc. RAAS plays an important 
role in the formation of hypertension. Hypertension patients are 
often accompanied by excessive activation of RAAS Plasma renin 
activity (PRA) and the increased aldosterone (ALD) [10-13]. 
Among them, RAAS affects not only key components of the heart 
and cardiovascular system, but also blood vessels in the retina. 
Angiotensin II (AngII), a different important player in hypertension, 
not only causes apoptosis of retinal endothelial cells, but also 
upregulates VEGFR-2. The development of CNV is being promoted 
by crossing the blood-retinal barrier with apoptotic cells and 
upregulating VEGFR-2 which disrupts the balance between anti-
VEGF and VEGF [14]. High blood pressure is considered a risk factor 
for retinal vascular occlusion (RVO), ischemic optic neuropathy 
(ION) and retinal microaneurysm (RAMA) [15,16]. 

Figure 1: Mechanisms by which hypertension affects the efficacy of anti-VEGF therapy in nAMD.
Factors influences the effect of anti-VEGF drugs on neovascular age-related macular degeneration-complicated multiple interactions.
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Pons, et al. [17] found that excessive activation of RAAS 
can promote inflammation, leading to macrophage infiltration 
and subsequently inducing retinal CNV. Therefore, RAAS may 
exacerbate the progression of nAMD, causing nAMD patients 
with hypertension requiring more anti VEGF therapy than those 
without hypertension. In addition, a study involving 3096 nAMD 
patients also reached the same conclusion, which may be related 
to abnormal activation of the RASS system [18]. However, other 
scholars have not found that hypertension has a significant impact 
on the response to VEGF therapy [19]. The impact of hypertension 
on the efficacy of VEGF drugs in treating nAMD still needs further 
study [Figure 1].

Baseline vision

Baseline visual acuity (VA) is one of the important predictors of 
final post-treatment visual outcome. Patients with worse baseline 
VA may be associated with better improvement after treatment, 
while patients with better baseline VA are less likely to gain as 
much improvement due to the upper limit effect [20]. The subgroup 
analysis of the MARINA and ANCHOR study showed that if baseline 
VA in one group was 5 ETDRS letters higher than in the other group 
(ETDRS eye chart), the mean VA change from began to 24 months of 
treatment would be 3.2 letters lower contrast the other group [21].

According to the study of Dai Hong, et al. [8] baseline VA has a 
significant impact on the prognosis of vision, which is usually related 
to lesion size, onset time, whether there is damage to photoreceptor 
cells and whether the fovea area is involved. Baseline VA is an 
important indicator reflecting the extent to which CNV lesions 
affect visual function. The better baseline VA is, the less impact the 
lesion has on visual function, and the better treatment prognosis. 
In a study of 97 subjects, Yan Fu, et al. [22] found that poor baseline 
VA was an independent factor influencing the efficacy of anti-VEGF 
therapy in nAMD patients. Asten, et al. [23] believed that baseline 
VA was a risk factor for ineffective treatment, and poor baseline VA 
predicted more serious structural and functional destruction of 
retinal photoreceptor cells. However, Hara, et al. [24] believed that 
baseline VA was not related to the response to anti-VEGF treatment. 
These findings suggest that the relationship between baseline VA 
and response to anti-VEGF therapy is controversial and requires 
further investigation. Based on the search and analysis of a large 
number of studies, we believed that the baseline VA is one of the 
important factors affecting the prognosis of anti-VEGF drugs in 
nAMD. Although the lower baseline VA showed more improvement, 
more satisfactory treatment effect remained in those patients with 
better baseline VA.

The age and course

Boyer, et al. [21] showed that younger age was associated with 
better clinical outcomes. In the subgroup analysis of the MARINA 
study, if the mean age of one group was 13.7 years younger 
than that of the other group at baseline. The change in VA in the 
younger group would be 5 letters higher than that in the older 
group. Similarly, the ANCHOR subgroup analysis also showed that 
patients in the younger group benefited more than those in the 
older group [25]. In addition, other studies found that patients 
younger than 70 gained 10.8 letters after treatment, while patients 

70 or older gained only 5.6 letters after treatment [26]. At the same 
time, Lanzetta, et al. [27] also showed that the younger the nAMD 
patients, the greater the visual benefit after intravitreal injection of 
arbocept for 52 weeks.

The interval between symptom onset and treatment initiation 
was another important baseline predictor of final vision outcome. 
Shorter intervals from visit to treatment were associated with 
better VA outcomes [20]. The study showed that patients with 
nAMD with a treatment delay of 21w or longer had an odds ratio of 
2.62 for visual deterioration after treatment compared with those 
with a treatment delay of 7w or less, suggesting that late treatment 
is an important predictor of poor treatment outcome [28]. The 
study of Gong Bin et al. [29] showed that the efficacy of anti-VEGF 
drugs in improving vision and macular edema in patients with 
nAMD with disease course less than 6 mo was better than those 
with NAMD with disease course greater than 6 mo. Early treatment 
could reduce the number of treatments, thus reducing the cost of 
treatment for patients.

Racial and sex differences

Among many factors that affect the efficacy of anti VEGF drugs 
in treating nAMD patients, although there are relatively few studies 
on racial differences, there are still some literatures documenting 
the relevant mechanisms of their impact on anti VEGF efficacy. 
Zhang [30]’s research found that in East Asian population, the non-
response rate of nAMD patients with mutant allele A to anti VEGF 
treatment is higher than that of nAMD patients with wild genotype 
G. However, in Caucasian population research, this phenomenon 
has not been confirmed, which may be related to the lower 
mutation rate of mutant allele A in Caucasian population than that 
in East Asian population. In addition, gender was the largest factor 
affecting foveal retinal thickness (CRT), in which males reduced the 
effect of treatment on CRT. 

This was supported by a study in which males were found to be 
a risk factor for poor vision prognosis in nAMD patients after anti-
VEGF treatment for 60 months. The background of this finding is 
unclear, but it may be related to hormonal factors. This means that 
the information provided to patients about the expected treatment 
response should distinguish between male and female [31,32]. In 
a large prospective cohort study in a Danish population, Bek, et al. 
[31] found a statistically significant difference between gender and 
CRT changes, with a lower decline in men. However, some studies 
believe that there is no correlation between the two, which may 
be related to different population, sample size and other factors 
[33-35]. Although the different races and sex differ in genetics, the 
impact of these characteristics on the efficacy of anti-VEGF drugs in 
nAMD cannot be determined and should be confirmed by further 
studies.

Imaging features

Optical coherence tomography can produce noninvasive high-
resolution imaging of the retina [36,37]. Zhang ‘s research team 
[20] found that the integrity of the ellipsoid band (IS/OS) was highly 
correlated with the treatment effect. After anti-VEGF therapy in the 
vitreous body, the prognosis of patients with complete ellipsoid 
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zone IS was better than those with partial ellipsoid zone. This study 
shows that interruption or absence of IS/OS layer is associated with 
poor VA prognosis. The length of destruction of ellipsoid zone will 
lead to different VA outcomes. In addition, the integrity of the outer 
membrane (ELM) is also directly related to VA. The interruption of 
ELM is a sign of severe damage to the inner segment or cell body of 
the photoreceptor. In a 1-year follow-up of nAMD patients treated 
with anti-VEGF drugs, it was found that the status of ELM is one 
of the important factors affecting VA outcomes in nAMD patients 
[38-40].

Whether CRT affects the outcome of VA is still controversial. It is 
generally accepted that CRT is a sensitive parameter and early sign 
for detecting baseline VA reduction [20]. In a hospital-based study, 
a total of 1105 participants of in all treated groups, age, larger CNV 
area and central foveal retinal thickness were negatively correlated 
with VA outcomes [28]. However, Gerding, et al. [41] studies show 
that CRT has nothing to do with the VA ending but was an early 
sensitive predictor of VA reduction. The study showed that the 
curative effect of the CRT affect anti-VEGF drugs still needs more 
research to confirm. In addition, in a 12-month follow-up study, 
it was found that the treatment effect was significantly better in 
cases without SRF compared to those with persistent SRF among 
patients still receiving on-demand injections after receiving three 
load doses of anti VEGF drugs [41,42].

It is widely believed that the pathogenesis of nAMD involves 
abnormalities in the choroidal vascular system. Baseline choroidal 
thickness (CT) may be another important factor in the prognosis of 
VA [43]. Studies have shown that after intravitreal injection of anti-
VEGF drugs in nAMD patients, choroidal thickness is significantly 
reduced, which is associated with improved vision of patients [44]. 
However, in a retrospective sequential case series study, it was found 
that the greater the baseline choroid thickness of nAMD patients 
after intravitreal injection of anti-VEGF drugs, the better the clinical 
prognosis [45]. These studies suggest that the relationship between 
CT and the response to anti-VEGF therapy remains controversial 
and needs further study. Another OCT feature of nAMD-affected 
eyes is the bileval sign, which is also one of the OCT features of 
polypous choroidal vascular disease (PCV). Indocyanine green 
angiography (ICGA) is recommended in these cases to exclude PCV, 
as PCV patients may be less responsive to VEGF treatment [46]. 

Correlation Between Gene Polymorphism and 
Efficacy of Anti-VEGF Drugs

CFH gene

CFH gene, which is located in chromosome lq31.3 and contains 
25 exons, has been confirmed as a risk factor for the occurrence 
of nAMD [47,48]. For nAMD patients, the study of Gourgouli K, et 
al. [49] showed a statistically significant correlation between CFH 
genotype and response to intravitreal injection of anti-VEGF drugs. 
Their analysis showed that patients with the CC genotype were less 
likely to respond to anti-VEGF drug therapy than those with the TC 
genotype. Another study showed that, after intravitreal injection of 
the anti-VEGF drug bevacizumab, patients with CC genotype had 
less visual improvement than patients with TC and TT genotype, 
meaning that patients with CFH CC genotype were more likely 

in the need of re-injection than those with TT genotype [50,51]. 
In addition, Kubicka-TrzaskaA’s group [52] and Kanoff’ s group 
[53] confirmed this idea by observing an association between the 
response to anti-VEGF drug therapy and the selected genotype of 
SNP rs1061170 in the CFH gene in nAMD patients. CC genotypes 
were found to have a higher risk of negative response after anti-
VEGF therapy. At the same time, Dedania, et al. [54] also reached 
this conclusion by summarizing previous articles. 

Moreover, Zhao, et al. [55] showed that CFH site rs1061170 CC 
genotype had a passive interaction in the anti-VEGF therapeutic 
effect of nAMD, suggesting that patients carrying CFH site 
rs1061170 CC genotype showed worse therapeutic effect after 
receiving anti-VEGF drug therapy [56]. However, TC genotype 
was not associated with the efficacy of anti-VEGF therapy. Other 
studies have shown that in nAMD patients treated with anti-VEGF 
drugs, patients carrying CFH rs194918455 AA genotype need more 
injections than those with AG genotype, that is, the fundus condition 
is more difficult to reach a stable state [57]. Tian, et al. [58] found 
that the therapeutic effect of CFH rs800292 TT and CT genotype 
carriers was significantly better than that of CC genotype carriers in 
their study on the correlation between genetic polymorphism and 
the response of the Chinese population to Bevacizumab treatment 
of nAMD. This suggests that CFH rs800292 may play an important 
role in the efficacy of Bevacizumab in the intervention of nAMD. 

However, Cobos, et al. [59] pointed out that in a study based 
on Caucasian population patients with CFH rs800292 AA genotype 
had better prognosis than patients with other genotypes (AG/
GG). However, other studies have shown that CFH rs800292 has 
no significant correlation with nAMD response of anti-VEGF drug 
treatment [60]. Nevertheless, due to the short follow-up time of 
the study, the long-term efficacy of the above conclusion cannot be 
evaluated. In our opinion, that nAMD carrying the CFH CC genotype 
was generally less effective in patients treated with anti-VEGF than 
the other genotypes, which may be related to factors with higher 
VEGF levels in the vitreous fluid of patients.

VEGFA gene and VEGFR-2 gene

VEGFA gene is located on chromosome 6p21.1 and contains 9 
exons. VEGF receptor-2 (VEGFR-2) gene is located on chromosome 
4q12 and consists of 30 exons [47,61]. VEGFA is the strongest known 
angiogenic factor. Previous studies have described a significant 
association between response to anti-VEGF therapy in nAMD 
patients and polymorphism in VEGFA rs943080. Among them, 
the proportion of patients carrying risk T allele or TT genotype 
of VEGFA rs943080 gene polymorphism was higher in the poor 
efficacy group, which was 1.8 times of that of CC genotype [34]. 
These results suggest that the risk T allele or TT genotype of VEGFA 
rs943080 gene polymorphism may be one of the factors affecting 
the efficacy of anti-VEGF. Chang ‘s research team [62] found that 
there was a significant association between VEGFA rs833069 
genotype variation and an anatomical response of Ranibizumab in 
the vitreous glass of nAMD patients, and that the central macular 
thickness of AA genotype patients was consistently lower than 
that of AG/GG genotype patients, indicating that AG/GG genotype 
patients may have a better therapeutic effect.
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In 2017, Wu, et al. [63] conducted a meta-analysis of 9 
variations of VEGFA and VEGFR-2. They are rs699947, rs699946, 
rs833069, rs833061, rs2146323, rs1413711, rs2010963, 
rs1570360 of VEGFA and one variant of VEGFR-2 rs2071559. The 
results of the meta-analysis concluded that only one SNP rs833061 
was significantly associated with response to anti-VEGF therapy. 
For this polymorphism, anti-VEGF therapy was more effective in 
nAMD patients with CC genotypes, while allelic models (C vs T) and 
dominant models (CC+CT vs TT) were not associated with changes 
in treatment response. In addition, studies have shown that 
patients with the TT genotype of VEGFA rs3025039 require fewer 
injections when receiving anti-VEGF therapy in nAMD patients 
compared to other genotypes. This conclusion corresponded to 
their better results in terms of visual and tomography results [64]. 
Other studies concluded that the VEGFA gene locus rs3025018 
variation had no significant effect on the efficacy of Ranibizumab in 
the treatment of nAMD [65].

In 2016, Lazzeri S, et al. [66] analyzed the inverse relationship 
of VEGFR-2 polymorphism affecting the efficacy of Ranibizumab 
and showed that there was a significant correlation between the 
efficacy of Ranibizumab and VEGFR-2 rs2071559 genotype. The 
mean central retinal sensitivity of VEGFR-2 rs2071559 TT and CT 
genotypes was significantly lower than that of CC genotypes. Other 
studies have shown that two SNPS identified in VEGFR-2 gene 
(rs4576072 and rs6828477), which are independently associated 
with better visual outcomes after 1 year of anti-VEGF treatment 
in nAMD patients, are predictors of anti-VEGF treatment response 
[67]. However, another study showed no pharmacogenetic 
association between VEGFR-2 rs2071559 and response to nAMD 
anti-VEGF therapy [68]. 

Similarly, a previous study found that VEGFR-2 rs4576072 
and VEGFR-2 rs6828477 had no strong effect on visual response 
to anti-VEGF therapy in CATT and IVAN study patients with nAMD 
[69]. The difference in results may be related to factors such as the 
subjects coming from different races. Although the results were 
different, we prefer to believe this conclusion that patients carrying 
the VEGFA TT genotype have better effects on anti-VEGF treatment, 
because the study of Park et al had large sample size and relatively 
long follow-up time. The results are more acceptable.

ARMS2 gene and HTRA1 gene

ARMS2 gene and HTRA1 gene are located in chromosome 
10q26.13. The ARMS2 gene consists of 2 exons and HTRA1 gene 
consists of 9 exons. The former is related to phagocytosis of retinal 
pigment epithelial cells, while the latter is a high-risk factor for 
AMD progression [47]. A study of 224 nAMD patients showed that 
patients with ARMS2 site rs10490924 GG genotype and patients 
with HTRA1 site rs11200638 AA genotype were significantly 
associated with poorer treatment outcomes after 12 months of 
anti-VEGF injection therapy [70]. It was also concluded in another 
study that patients with the rs11200638 GG/GA genotype of 
HTRA1 fared better than those with the AA genotype. The genotype 
of rs10490924 of ARMS2 gene was significantly correlated with the 
efficacy of Conbercept in the treatment of Chinese patients with 

nAMD. Patients with GG/GT genotype at rs10490924 of ARMS2 
gene showed better response after 6 months of Conbercept, but 
no longer significantly associated after multiple corrections [71]. 
In addition, Yuan’s team [72] and McKibbin’ s team [73] both 
concluded that HTRA1 gene polymorphism may influence patients’ 
response to intravitreal Ranibizumab treatment for nAMD.

Other studies showed that the efficacy of Ranibizumab in the 
treatment of nAMD was independent of HTRA1 (rs11200638) 
and ARMS2 (rs10490924 and rs61544945) but varied according 
to the genotype of CFH. Although specific alleles of ARMS2 and 
HTRA1 predicted the development of nAMD, they did not predict 
response to anti-VEGF therapy [74,75]. In addition, some studies 
have found a potential pharmacogenetic association between 
rs10490924 genotype in ARMS2/HTRA1 and the therapeutic effect 
of Ranibizumab [76]. Due to the limitations of research methods, 
the conclusions need to be further confirmed. When Smailhodzic D, 
et al. [77] analyzed the cumulative effect of the risk alleles of CFH, 
ARMS2, and VEGFA on response to nAMD Ranibizumab treatment, 
it was found that carriers of high-risk CFH genotypes had less 
improvement in corrected vision after treatment. The nAMD 
patients with high-risk alleles in CFH, ARMS2, or VEGFA showed 
better improvement in VA than the nAMD patients with high risk 
alleles in CFH and ARMS2, suggesting that VEGFA genes play a 
greater role in treatment response to Ranibizumab than CFH and 
ARMS2 genes. Studies have shown that the additive effect of CFH, 
ARMS2, and VEGFA genotypes is partly responsible for the reduced 
response rate to Ranibizumab therapy. But the mechanism by 
which these genotypes interact with anti-VEGF therapy is currently 
unknown.

IL-8 gene

The IL-8 gene is located on chromosome q12-21 and contains 
four exons. In addition to being a powerful inflammatory cytokine, 
a chemokine for migratory immune cells and a activation factor for 
neutrophils, it is also a potent angiogenic factor. IL-8 is expressed 
not only by immune system cells, but also by vascular endothelial 
and RPE cells and plays a key role in angiogenesis under 
physiological and pathological conditions [78]. In related studies, 
fewer patients with nAMD and TT genotype carrying IL-8rs4073 
had no significant change in macular fovea retinal thickness after 
receiving Conbercept. Yin Xinxuan [60] and his team speculated that 
TT genotype was a nAMD protective gene and was more sensitive to 
the treatment of Conbercept. In addition, Lazzeri, et al. [66] again 
found in the study that in nAMD patients treated with Ranibizumab, 
the therapeutic effect of patients carrying IL-8 rs4073 AA genotype 
was significantly lower than that of patients carrying AT and TT 
genotype, which was similar to the results of the above study. 
However, another study found that the AA genotype of IL-8 rs4073 
was not significantly associated with the efficacy of bevacizumab 
in patients with nAMD, which may be related to the short follow-
up time of this study and other factors [79]. Although there are 
relatively few studies on the IL-8 gene polymorphism affecting 
the efficacy of anti-VE GF drugs, it is still concluded that patients 
carrying the IL-8 TT genotype have better therapeutic effects than 
those carrying the AA genotype [Figure 2].
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Figure 2: Effect of SNP on the efficacy of VEGF in the treatment of neovascular age-related macular degenerateon.

Drug Resistance and Non-Efficacy 

Non-responsiveness among patients treated with anti-
VEGF drugs

Although the treatment of nAMD in humans is gradually 
breaking through, there are still a small number of patients who 
have poor or no response to anti VEGF drugs used in standard 
vertebral therapy. After treatment with anti VEGF drugs, there 
are still some patients who do not show any therapeutic benefits. 
Instead, their vision continues to decline. The unresponsiveness 
of treatment is still widely observed in clinical work and scientific 
research. Niu’s research shows that low baseline VA is a strong 
predictor of unresponsiveness, meaning that patients with low 
baseline VA have poorer treatment response [80]. Piermarocchi, et 
al. [81] research also confirms this viewpoint. 

In addition, Fu Yan, et al. [22] study found that elderly age and 
poor baseline VA are factors affecting the ineffective treatment 
of anti-VEGF drugs. However, Hara, et al. [24] study suggests 
that baseline VA does not affect the response to anti-VEGF drugs. 
Further research is needed to investigate the relationship between 
baseline VA and the response to anti-VEGF drugs. Furthermore, 
a study involving 179 nAMD patients emphasized the need for 
gene biomarkers to effectively distinguish responders from non-

responders. After treatment with anti VEGF drugs, the study cohort 
was divided into 128 responders and 51 non responders based on 
established treatment response criteria such as visual acuity and 
central retinal thickness, suggesting that certain genetic variations 
may affect the efficacy of anti VEGF drugs in treating Namd [82]. In 
summary, there are many factors that affect the unresponsiveness 
of nAMD patients treated with anti-VEGF drugs, including not only 
clinical factors but also genetic mutations. However, the relevant 
mechanisms of unresponsiveness in anti-VEGF drug treatment still 
need further research. 

Drug resistance 

At present, there are three main anti-VEGF drugs used in 
the treatment of nAMD in China: Ranibizumab, Aflibercept and 
Conbercept. Ranibizumab is a humanized monoclonal Fab fragment 
that binds to all VEGF-A isoforms [83]. Ranibizumab was shown to 
be effective in the MARINA and ANCHOR trials. Clinical follow-up 
results showed that approximately 90% of patients who received 
monthly intravitreal Ranibizumab treatment had visual loss of less 
than 15 letters after 2 years (ETDRS visual acuity chart) [84,14]. 
Aflibercept and Conbercept are recombinant fusion proteins 
that act as soluble decoy receptors for members of the VEGF 
family. Conbercept was tested in the AURORA study and most 
patients reported improvements in functional and morphological 
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parameters. It has been shown that monthly or every 2mo 
intravitreal injections of Aflibercept after three months of initial 
monthly dose are similar to monthly intravitreal injections of 
Ranibizumab [85,86].

Although most nAMD patients have achieved good results after 
anti VEGF treatment, there are still a small number of patients 
who slowly lose the efficacy of anti VEGF drugs after repeated 
administration. After routine treatment, persistent subretinal fluid 
(SRF) still exists [85]. In addition, the CATT study showed evidence 
of persistent fluid leakage on optical coherence tomography in 
51.5% of nAMD patients treated with intravitreal ranibizumab and 
67.4% of nAMD patients treated with intravitreal bevacizumab, 

despite monthly anti-VEGF therapy and maintenance of 2y [87]. 
Active exudation on angiography or OCT was observed in some 
patients after 1y of conventional therapy with Aflibercept (q4w 
or q8w) [88]. Tranos, et al. [89] argued that despite continuous 
treatment with the current standard anti-VEGF methods, half of the 
patients showed no improvement, and about 10% of the patients 
showed no response at all and were resistant to anti-VEGF therapy. 
However, Bakall’s team [85] reported that some patients with initial 
response is good, and the subretinal fluid faded. But subsequent 
recurrent leakage produce resistance to further treatment. These 
studies suggest that drug resistance in patients may be a clinical 
factor affecting the efficacy of anti-VEGF drugs [Figure 3].

Figure 3: Resistance and non-responsiveness of anti VEGF drugs in the treatment of AMD.

Efficiency of combination treatment

Although anti-VEGF drugs have always been the first line drugs 
for the treatment of nAMD, after several years of treatment with 
anti-VEGF drugs, patients’ vision still returns to baseline levels 
and cannot prevent the occurrence of subretinal fibrosis, even 
irreversible visual impairment, which highlights the limitations 
of anti-VEGF drug treatment. In order to change this situation, 
combination therapy targeting traditional anti VEGF drug 
therapy is particularly important. A 2021 study showed that in 
the treatment of nAMD with anti VEGF drugs, the combination of 
antiplatelet derived growth factor therapy may compensate for the 
shortcomings of anti VEGF therapy [90]. 

In addition, in Jaffe, et al. [91] 12-week Phase I clinical trial of 
intravitreal combined injection of E10030 (Fovista, Ophtotech) 
and anti VEGF drugs, E10030, as a 32 polyglycolated DNA adapter, 
showed good tolerance, improved visual acuity of patients, 
decreased CNV, and showed favorable short-term safety in 
combination with anti VEGF drugs on the premise of increasing dose. 
Subsequently, in a phase II clinical trial of 449 patients followed up 
for 24 weeks, the response relationship between different doses of 
E10030 and the combination of anti VEGF drugs was very obvious. 
Experimental studies showed that patients with high-dose E10030 
combined with anti VEGF treatment had an increase in visual 
improvement, and patients showed good treatment effects [92]. In 
the process of continuously exploring the reactivity of anti VEGF 

drugs, in order to compensate for the drawbacks caused by single 
injection, new treatment plans are constantly introduced, among 
which combination therapy may open up another new field for the 
treatment of nAMD with anti VEGF.

Improvement of Therapeutic Strategy 

Individualized diagnosis and treatment strategy 

In recent years, there has been a trend worldwide to recommend 
the use of therapy and prolongation regimens for individualized 
treatment of nAMDs in order to maximize the balance between the 
economic burden of anti-VEGF drug therapy, the burden of follow-
up, the risk of intraocular injection, and the visual benefit. However, 
the current domestic research on treatment and extension program 
is insufficient, especially the research on fusion protein drugs on 
this program, so it deserves attention [93]. According to the study 
of Fu Yan, et al. early judgment of the effect of intravitreal injection 
of anti-VEGF drugs on nAMD patients is crucial for the formulation 
of individualized treatment plan [22]. 

In addition, Stewart MW [94] study showed that individualized 
therapy generally reduced the number of drug injections and 
patient visits compared to monthly anti-VEGF drug injections, and 
that these individualized regimens had significant advantages in 
terms of treatment cost and time investment. Although patients 
can achieve better outcomes through the individualized treatment 
regimen of nAMD, the treatment burden is still high. Therefore, 
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better management of available resources and cost limitation 
are critical elements of individualized treatment. With the 
advancement of nAMD treatment, a more scientific individualized 
anti-VEGF administration regimen is expected to provide better 
therapeutic effects and reduce the burden of treatment for nAMD 
patients. However, how to formulate individualized treatment plan 
according to patients’ response to drugs in order to achieve the best 
curative effect still needs further discussion. 

Early detection and treatment

For nAMD patients, early detection and treatment of anti-VEGF 
therapy in order to achieve better therapeutic effects is crucial. In 
newly diagnosed patients with nAMD, delayed anti-VEGF therapy 
has been shown to be the most important factor affecting final 
visual effects, the study found. However, there are many factors 
that fail to timely identify and treat nAMD patients, such as the 
lack of public awareness of nAMD patients, family members’ lack 
of support for treatment of nAMD patients, and the lack of medical 
resources [95]. As a recommendation for patients with nAMD from 
Niu Y [80]’s study, the earlier treatment time and better baseline VA 
achieve a better outcome for the same dose risk and treatment cost. 
Early detection and treatment of diseases is always the main theme. 

Alternative medicine and anti-VEGF drugs

All treatments used for nAMDs are aimed at improving 
or maintaining vision. However, many treatments produce 
unsatisfactory results. While intraocular injection of anti-VEGF 
drugs is a major breakthrough in the fight against nAMD, we still 
need to develop and evaluate new alternative therapies in order 
to win the war. Alternative drug delivery is a strong driver of drug 

development for nAMD, especially in the development of eye drops 
and oral formulations. For less invasive administration methods, 
different acceptable therapeutic effects should be developed 
to balance the less invasive administration methods. Although 
blindness caused by nAMD patients has not been eradicated, 
repeated intraocular injections of anti-VEGF drugs are still required 
to maintain vision in patients. 

Therefore, further development in this field is necessary, 
developing alternative drug delivery methods such as eye drops, 
investigating alternative targets, and building sustained release 
strategies [96]. Wyględowska, et al. Promieńska [97] recommend the 
combination of bevacizumab and non-steroidal anti-inflammatory 
drugs (NSAIDs) as an alternative and beneficial treatment for 
nAMD patients who are not suitable for Ranibizumab therapy. 
This combination therapy may effectively reduce the number of 
intravitreal injections of anti-VEGF drugs, improving patients’ 
quality of life and treatment costs. Another study background by 
Wyględowska-Promieńska, et al. [98] similarly shows that among 
the many treatment options for nAMD, combination therapy of 
anti-VEGF drugs and NSAIDs seems to be an ideal alternative to 
monotherapy based on anti-VEGF drugs. Although intravitreal 
injection of anti-VEGF drugs has achieved good results in the 
ultimate efficacy of nAMD patients, one of the biggest limitations 
of anti-VEGF therapy is the need for multiple injections, which not 
only causes greater financial burden to patients, but also greatly 
increases the risk of intraocular injection. Therefore, the research 
and discovery of more and more effective alternative therapy has 
become an important link to reduce patients’ pain and improve 
patients’ vision [Figure 4].

Figure 4: Improvement of treatment strategies for patients with nAMD.
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Conclusion and Future Direction

Neovascular AMD is a complex process involving and regulated 
by many factors. Among the clinically relevant influencing factors, 
most studies have confirmed that age, disease duration, BVA, some 
systemic diseases and gender have some effects on the efficacy 
of anti-VEGF drugs in neovascular AMD. The type of CNV, the 
morphological characteristics of the retina also made an important 
contribution to the efficacy, such as whether the lesion is type I CNV, 
the thickness of the retina, the structure of the macular IS/OS layer, 
the presence of macular traction and premacular membrane. These 
factors are implicated by causing disruption of nutrient and oxygen 
supply to the choroid, as well as affecting the diffusion of anti-
VEGF drugs. In the genetic factors, some researchers believe that 
VEGFR is a key driving factor for the formation of CNV. However, the 
pathogenesis has not been fully understood. The understanding of 
how clinical factors and genetic variation affect the effect of anti-
VEGF drugs on nAMD is still limited. Potential pharmacological 
effects need to be further investigated. 

Anti-VEGF drugs are mainly targeted at CNV to improve 
patients’ vision and prognosis. However, there are still limitations 
of anti-VEGF drugs. After long-term use, the efficacy will not only 
decrease, but also lead to complications such as retinal hemorrhage 
and fibrosis, which will aggravate the condition and make it 
difficult to treat. Therefore, it is an important research direction 
in the future to formulate personalized treatment for individual 
genetic risk of patients, develop multi-target drugs simultaneously, 
improve the efficacy of anti-VEGF drugs and reduce the occurrence 
of complications. In addition, although individualized treatment 
regimens can reduce the frequency of anti-VEGF drug injections 
and visits, patient compliance with anti-VEGF drug therapy 
remains a challenge. On the one hand, increasing communication 
with patients so that patients can understand the occurrence, 
development and outcome of nAMD in more detail may be an 
effective plan to improve patient compliance. 

On the other hand, improving the treatment system for nAMD 
patients and appropriately increasing the follow-up work of patients 
may reduce the frequency of re-visiting doctors for nAND patients. 
At present, there is still a delay in seeing patients with nAMD, and 
one of the main reasons is the lack of awareness of patients and 
their families about nAMD. By carrying out disease screening and 
publicity and strengthening the guidance to grassroots hospitals, 
we can improve the general population’s understanding of nAMD, 
so that nAMD patients can get timely and effective treatment, and 
finally achieve the purpose of early detection and early treatment. 
Although pharmacological studies have been carried out on the 
use of anti-VEGF drugs in the treatment of nAMDs, there are still 
some problems, such as racial differences in gene polymorphism, a 
large amount of sample evidence is needed for pharmacogenomics 
studies of Chinese nAMDs, and the study follow-up time is short. It 
is an important way to improve the prognosis of patients to find and 
study methods that can replace anti-VEGF drugs in the treatment 
of nAMD.

In most of the pharmacologic studies of anti-VEGF treatment 
of nAMDs discussed above, no control group was designed, and 

some studies had short follow-up periods. For these reasons, the 
correlation between SNP and the efficacy of anti-VEGF drugs for 
nAMDs was weakened. Therefore, the design of a large, prospective, 
double-blind, placebo-controlled, interventional study with long-
term follow-up in patients with nAMD may provide stronger 
evidence to detect the correlation between clinical factors and 
genotypes anti-VEGF treatment response to nAMD. Understanding 
the relationship between various clinical and genetic factors and 
the effect of anti-VEGF drugs on nAMD may provide a new strategy 
for preventing the onset and progression of the disease.
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