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Key points:
 • Neovascular AMD (nAMD) patients 
with a suboptimal treatment response 
showed increased dysregulation and 
aging of the systemic immune system.
 • A key component was elevated 
levels of plasma IFN-γ, which promotes 
inflammation and angiogenesis.
 • AMD risk polymorphisms are 
associated with alterations in the 
complement and chemokine systems 
in nAMD patients.

Age-related macular degeneration 
(AMD) is one of the leading causes of visual 
impairment and blindness in the Nordics. 
While anti-vascular endothelial growth 
factor (VEGF) therapy has transformed the 
prognosis of neovascular AMD (nAMD), a 
substantial proportion of patients show 
suboptimal treatment response. Why 
this happens is still unclear. Increasingly, 
attention has turned to the aging immune 
system as a possible missing link. Aging does 
not simply weaken immunity; it reshapes it. 
This process, known as immunosenescence, 
is accompanied by “inflamm-aging,” a state 
of chronic, low-grade, sterile inflammation 
that develops steadily with biological aging. 
Unlike a normal inflammatory response, 
which is switched on only when needed 
and then actively resolved, inflamm-aging 
creates a persistent proinflammatory state. 
This disturbed balance affects how the 
immune system reacts and how efficiently 
inflammation is ended, which can damage 
tissue. Previous studies have shown that 
patients with nAMD have an increased state 
of systemic inflamm-aging, but how this 
relates to treatment response was largely 
unexplored.
In the Danish Neovascular Age-Related 

Macular Degeneration and Treatment 
Response (DANEART) study, we examined 
whether systemic immune changes are 
linked to anti-VEGF treatment response and 
genetic risk factors in AMD. We included 
patients with nAMD, intermediate AMD 
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(iAMD), and healthy controls. Patients with 
nAMD were followed after a standard loading 
phase of three anti-VEGF (aflibercept 2 
mg) injections and again after one year. 
Using immunoassays, flow cytometry, and 
genetic analyses, we assessed systemic 
immune profiles and AMD-associated risk 
polymorphisms.
Our findings show that patients with 

nAMD who had suboptimal treatment 
responses had signs of increased 
inflamm-aging, including dysregulation 
in the complement system and reduced 
expression of the complement regulatory 
protein CD35 on monocytes, which affects 
the innate immune response. We also found 
elevated plasma levels of interferon-γ 
(IFN-γ), an important signaling molecule that 
activates the immune system. In addition, 
these patients showed altered chemokine 
signaling, which might alter the recruitment 
of leukocytes to sites of inflammation. 
Finally, these suboptimal responders had 
a higher neutrophil-to-lymphocyte ratio. 
Patients with iAMD displayed similar, 
but less pronounced, immune changes, 
suggesting a gradual progression along the 
AMD spectrum. Genetic analyses revealed 
that AMD-associated risk polymorphisms in 
the CFH and ARMS2 genes were involved in 
the complement and chemokine systems in 
nAMD patients. 
Notably, IFN-γ emerged as a potential 

key player. This cytokine can amplify 
complement activation, suppress 

Future Directions:
 • Future research should investigate 
whether IFN-γ or its related molecular 
pathways could serve as novel 
treatment targets for nAMD patients 
with suboptimal treatment responses.
 • Personalized treatment is 
essential to improve outcomes in 
poor responders while avoiding 
overtreatment in good responders. By 
implementing subdiagnostic strategies, 
tailored systemic treatments may 
become feasible in the future.

The missing piece in AMD 
treatment?

complement regulatory proteins, reshape 
chemokine receptor expression, and 
influence the neutrophil-to-lymphocyte 
ratio in the blood. Taken together, these 
systemic immune alterations may fuel 
chronic retinal inflammation, potentially 
increasing VEGF production or activating 
alternative proangiogenic pathways. This 
could help explain why some patients 
respond poorly to anti-VEGF therapy. 
Looking ahead, targeting IFN-γ or related 
immune pathways may represent a novel 
therapeutic strategy for nAMD patients with 
suboptimal treatment response.


