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SUMMARY
q Intravitreal injection of anti-VEGF drugs are known to cause sustained and delayed intraocular pressure increases in a considerable proportion
of the patients. Several theories have been proposed to explain the mechanism of this IOP elevation, including, mechanical disruption of the
trabecular meshwork during repeated IOP fluctuations; clogging of the trabecular meshwork by impurities or silicone oil droplets, intraocular
inflammation or toxic effect of anti-VEGF drugs to trabecular meshwork cells. (PMID: 25905784, 29336897, 24393349, 5719991, 22990314)
q Herein, we investigated whether activation of the complement by anti-VEGF drugs at the trabecular meshwork and subsequent cell death may
underlie the observed IOP increases with the long-term use of anti-VEGF agents
q Surgical trabeculectomy specimens from 8 patients, 2 of whom had been receiving repeated (>6) anti-VEGF (aflibercept and/or bevacizumab)
injections for the treatment of exudative macular degeneration for more than a year, were co-immunostained for complement activation (c3b,
c4d, c5b-9, C3a) and trabecular meshwork / Schlemm’s canal endothelium-specific markers
q Masked-quantification of the histological sections revealed a significant increase in complement activation (C5-9b: 15.7±6.3% vs. 6.1±2.4%,
p:0.002; C3b: 18.2±7.0% vs. 5.6±4.9%, p:0.003) with aVEGF injection. The main target of complement activation was trabecular meshwork cells.
Increase in C4d staining suggested complement activation through classical pathway (C4d: 6.8±1.5% vs. 1.9±0.4%, p:0.001). There was an
increased expression of complement anaphylatoxin receptor C3aR expression with anti-VEGF injection (6.3±3.7% vs. 3.0±2.7%, p:0.04)
indicating the role of complement in inflammation. Lack of difference in TUNEL staining (2.8±1.1% vs. 2.2±2.1%, p:0.58) showed that activation
of the complement system was not related to its physiological scavenging task

q CONCLUSION : Patients receiving anti-VEGF injection reveal increased complement activation in the trabecular meshwork. Activation of the
complement system induces cell death and may incite an inappropriate and damaging inflammatory response through C3a receptor
upregulation.

LONG-TERM IOP INCREASE WITH ANTI-VEGF INJECTIONS
HOW COMMON?

SUGGESTED MECHANISMS

•

23.6% of the patients (vs. 13.6% of the controls) in MARINA and ANCHOR (PMID:24393349)

•

9.5% of the patients (vs. 3.4% of the controls) in DRCR (PMID: 5719991)

•

2.6% of the injected eyes (vs. 1.5% of the fellow eyes) in IRIS Registry (PMID:29336897)

•

2.6% -14.8% of patients in 8 studies included in AAO Report (PMID:30472176)

•

Disruption of the trabecular meshwork by large IOP fluctuations occurring during
injection

•

Clogging of the trabecular meshwork by impurities and/or silicone oil particles

•

Induction of inflammation at the trabecular meshwork

•

Toxic effect of anti-VEGF drugs on trabecular meshwork

PROPOSED ALTERNATIVE MECHANISM
HYPOTHESIS

Long-term intraocular pressure increases after repeated injections of anti-VEGF drugs is due to cell death at
trabecular meshwork and Schlemm’s canal via activation of the complement system.

•

Complement components are present in the trabecular meshwork

•

Trabecular meshwork cells express Fc receptors

METHODS

Trabeculectomy
specimens from 8
patients, 2 of whom had
been receiving repeated
(>6) anti-VEGF
(aflibercept and/or
bevacizumab) injections
for the treatment of
exudative macular
degeneration >1 year
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Masked Quantification
and Analyses

SC

No aVEGF

With aVEGF

C5b-9 (MAC)

No aVEGF
NSE (TMW Cells)

C3b

With aVEGF

C3b

No aVEGF
vWF (SCE)

C3b

With aVEGF

C3b

No aVEGF

With aVEGF

C4d

No aVEGF

With aVEGF

C3aR

IS IT PHYSIOLOGICAL SCAVENGING FUNCTION OF THE COMPLEMENT SYSTEM?

aVEGF

Avastin®
Eylea®

VEGF

VEG
F

C

aVEGF

CELL

TM
SC Endothelium

Fc

Fc
VE
GF

GF
VE

SURFACE RECEPTOR
FcR

GF
VE

VEG
F

SOLUBLE VEGF

F
VEG

GF
VE

COMPLEMENT

F
VEG

VEG
F

ANTIBODY

CAN A MONOCLONAL F(AB) FRAGMENT ACTIVATE COMPLEMENT?

GF
VE

ANTIBODY

GF
VE
RcVEGF

aVEGF

Lucentis® [Φ]

C

aVEGF VEGF RcVEGF

SURFACE RECEPTOR
FcR

GF
VE

VEGF

C3b

TM
SC Endothelium

RcVEGF

COMPLEMENT

CELL

CONCLUSIONS
• A low-grade complement activation can be seen at the trabecular meshwork of patients with open
angle glaucoma undergoing filtering surgery
• Complement activation significantly increases after repeated intravitreal anti-VEGF injections and
occurs more often on trabecular meshwork cells compared to Schlemm’s canal endothelium
• Increased activation of the complement system can directly cause cell death through the formation
of membrane attack complex (MAC) and may induce inflammation through C3a receptor
upregulation
• The most possible cause of complement activation is the formation of immune complexes through
the interaction of the anti-VEGF drugs with VEGF in the aqueous and binding of these immune
complexes to trabecular meshwork cells through Fc or VEGF receptors on the cell membrane

