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Antiangiogenic drugs and advanced proliferative diabetic retinopathy

Drogas antiangiogénicas em retinopatia diabética proliferativa avancada

JEFFERSON AUGUSTO SANTANA RIBEIRO!, ANDRE MESSIAS!, RODRIGO JORGE!

ABSTRACT

Advanced diabetic retinopathy with tractional retinal detachment or persistent vi-
treous hemorrhage often requires surgical treatment with pars plana vitrectomy.
Despite advances in vitrectomy, surgery for complications of diabetic retinopathy
can be a challenge and may be impaired by intense fibrovascular proliferation. Antian-
giogenic drugs have been used for the treatment of diabetic retinopathy because of
theirinhibitory action onvascularendothelial growth factor. In this review, we discuss
aspects related to the adjuvant use of these drugs in vitrectomy for complications of
diabetic retinopathy. Bevacizumab shows beneficial effects regarding the surgical
technique facilitation, but its long-term benefit still needs to be studied.
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RESUMO

As formas avanc¢adas da retinopatia diabética com descolamento tracional de retina
ou hemorragia vitrea persistente muitas vezes necessitam de tratamento cirdrgico
com vitrectomia posterior. Apesar dos avangos em vitrectomia, a cirurgia em compli-
cagbes da retinopatia diabética pode ser desafiadora e dificultada pela proliferagéo
fibrovascular intensa. Os antiangiogénicos tém sido usados no tratamento da retino-
patia diabética pela sua agcao de inibicdo do fator de crescimento vascular endotelial.
Nesta revisdo, sdo discutidos os aspectos relacionados ao uso adjuvante de antian-
giogénicos em vitrectomia para complicagbes da retinopatia diabética. O bevacizu-
mabe mostra efeitos benéficos em facilitar a técnica cirdrgica, entretanto seu benefi-
cio em longo prazo ainda precisa ser estudado.

Descritores: Inibidores da angiogénese; Vitrectomia, Retinopatia diabética; Descola-
mento retiniano; Hemorragia vitrea

INTRODUCTION

Advanced diabetic retinopathy with vitreous hemorrhage or
tractional retinal detachment (TDR) is an important cause of severe
visual loss in patients with proliferative diabetic retinopathy (PDR)",
frequently representing an indication for pars plana vitrectomy in
diabetic patients?. In these cases, surgery is not free from compli-
cations such as intraoperative vitreous hemorrhage and retinal
rupture®¥. Also, during the postoperative period, these patients
may suffer untoward events such as intraocular rebleeding and neo-
vascularglaucoma®.

Antiangiogenic drugs have been extensively used for the treat-
ment of chorioretinal vascular disorders. The intravitreal use of beva-
cizumab, ranibizumab and pegaptanib has shown positive effects
on diabetic retinopathy. The inhibition of vascular endothelial growth
factor (VEGF) by these drugs can induce regression of diabetic neovas-
cular retinopathy and combat exudative phenomena, thus being use-
ful for the preoperative management of these patients®”.

In the present article we review the use of antiangiogenic drugs
as adjuvants in pars plana vitrectomy for the treatment of complica-
tions of diabetic retinopathy.

VEGF AND DIABETIC RETINOPATHY

Angiogenesis involves complex mechanisms with the partici-
pation of pro- and antiangiogenic molecules, being associated with
both physiological processes and pathological conditions. VEGF is
one of the angiogenic agents most extensively studied, playing an
essential role in vascular development, angiogenesis and lympho-
genesis®.

The family of endothelial growth factors includes placental
growth factor (PIGF), VEGF-A, VEGF-B, VEGF-C, VEGF-D and the viral
VEGF homologue VEGF-E®. Four VEGF-A isoforms have been iden-
tified in humans, with variation in the number of amino acids.

VEGF-A and -B participate more in angiogenesis, while VEGF-C
and -D participate in lymphangiogenesis®”. VEGF-A also acts by increa-
sing vascular permeability. In addition to its action as a key factor in
angiogenesis, VEGF also has a neurotrophic and neuroprotective
activity on both the central and peripheral nervous systems®.

Three tyrosine kinase receptors, KDR (VEGFR-2), Flt-1 (VEGFR-1)
and Flt-4 (VEGFR-3), mediate the action of VEGF, while two other
receptors without tyrosine kinase activity, the neuropilins (NP), seem
to be important VEGF co-receptors®.

In pathological processes, the production of VEGF and its re-
ceptors is related to tissue hypoxia, possibly sharing a common
factor, hypoxia-induced factor (HIF), which accumulates in the pre-
sence of low oxygen levels and triggers the activation of a large
number of genes, including the gene responsible for VEGF®. Hy-
poxia stimulates the expression of VEGF-A mRNA and reduces the
expression of VEGF-C and VEGF-D mRNA®. The increase in VEGF
results in a stimulus to vasodilation, an increase of vascular permeabi-
lity, endothelial cell proliferation and activation of metalloproteina-
ses that lyse the extracellular matrix, leaving space for the growth of
a new vessel.

In diabetes, VEGF plays an important role in microvascular com-
plications of the retina. The increase in VEGF-A acts as a vascular
permeability factor in diabetic retinopathy and is accompanied by
increased levels of VEGF receptors and, among them, the location

Submitted for publication: June 22, 2010
Accepted for publication: November 9, 2010

Study carried out at the Institution Ribeirdo Preto School of Medicine, Sao Paulo University -
Ribeirao Preto (SP), Brazil.

1 Physician, Department of Ophthalmology, Ribeirdo Preto School of Medicine, Sao Paulo University -
Ribeiréo Preto (SP), Brazil.

Funding: No specific financial support was available for this study.

Disclosure of potential conflicts of interest: J.A.S.Ribeiro, None; A.Messias, None; R.Jorge,
None.

Correspondence address: Rodrigo Jorge. Faculdade de Medicina de Ribeirao Preto - Universida-
de de Séo Paulo. Av. Bandeirantes, 3.900, 122 andar do Hospital das Clinicas, Campus USP -
Ribeirao Preto - SP - 14049-900 - Brazil - E-mail: rjorge@fmrp.usp.br

Arq Bras Oftalmol. 2011;74(2):143-6 143



ANTIANGIOGENIC DRUGS AND ADVANCED PROLIFERATIVE DIABETIC RETINOPATHY

of VEGFR-1 in the pericytes causes this factor to be responsible for
the initial effects of increased VEGF-A levels. The increase of VEGFR-
2 is related to areas of vascular leakage, and its vascular expression
has been suggested to occur only in areas with established diabe-
tic retinopathy. VEGFR-3 has also been found to be increased in
areas of vascular extravasation, indicating that other members of
the VEGF family such as VEGF-C and -D may also participate in this
process. Thus, the increased expression of VEGF-A observed during
the preclinical period of diabetic retinopathy may act as mecha-
nism of protection of the retinal vascular bed, whereas in advanced
phases the alterations of retinopathy are associated with increased
VEGF-A and VEGFR-2 in ischemic areas, leading to neovasculariza-
tion and increased vascular permeability®. VEGF may also act by
stimulating a narrowing of the capillary lumen due to hypertrophy
of endothelial cells, thus contributing to capillary closure. In PDR,
VEGF acts synergistically with other growth factors but is a necessa-
ry and sufficient factor for the induction of retinal and iris neovascu-
larization in experimental models®.

ANTI-VEGF DRUGS AND PROLIFERATIVE DIABETIC RETINOPATHY

The effect of antiangiogenic drugs on PDR has been studied by
several investigators. The ability of intravitreal pegaptanib to indu-
ce regression of retinal neovessels in PDR was first demonstrated.
Gonzalez et al."9, using injections of 0.3 mg pegaptanib every 6
weeks for 30 weeks, showed that intravitreal pegaptanib was able
to induce regression of retinal neovessels within three weeks in 90%
of treated patients.

Intravitreal bevacizumab has a similar effect, inducing regression
of retinal neovessels®”. Spaide and Fisher'" detected regression of
retinal neovascularization and of vitreal hemorrhage in two patients
treated with 1.25 mg bevacizumab one month after administration
of the drug. Regression of neovessels of the anterior segment was
also observed>¥, Oshima et al.!? reported that intravitreal bevaci-
zumab induced regression of iris neovessels in 100% of seven eyes
with PDR within one week after administration of the drug, also
facilitating the control of intraocular pressure.

Avery et al9, in a retrospective case series, observed rapid re-
gression of retinal and iris neovessels in patients with PDR treated
with intravitreal bevacizumab at doses of 6.2 ug to 1.25 mg. Absence
of leakage was observed by fluorescein angiogram in 100% of eyes
with PDR and persistent retinal neovessels 6 weeks after intravitreal
administration of 1.5 mg bevacizumab, although a significant reduc-
tion of leakage was already observed one week after the use of the
antiangiogenic drug?. In a study by Tonello et al."¥, the adjuvant use
of 1.5 mg intravitreal bevacizumab in panretinal photocoagulation
for patients with high-risk PDR had a positive effect on the reduction
of dye leakage observed by fluorescein angiography within a short
period of time, with no significant changes in visual acuity compared
to the group submitted to conventional treatment (laser photocoa-
gulation). Mason et al."™® observed that an injection of 1.25 mg beva-
cizumab before panretinal photocoagulation in eyes with PDR redu-
ced foveal thickness and improved visual acuity within 24 weeks after
laser therapy, thus being of help to avoid the complications associated
with photocoagulation. In another study, Cho et al.’®, when assessing
the adjuvant use of 1.25 mg bevacizumab in panretinal photocoa-
gulation for PDR, observed a significantly lower occurrence of vitreous
hemorrhage in the group receiving the antiangiogenic drug than in
the group submitted only to laser. Although the bevacizumab dose
commonly administered is usually 1.25 mg, lower doses can also
induce regression of disc and retinal neovessels in PDR!”.

PREOPERATIVE ADMINISTRATION OF ANTI-VEGF DRUGS BEFORE PARS
PLANA VITRECTOMY FOR DIABETIC RETINOPATHY COMPLICATIONS

Bevacizumab has been used preoperatively as an adjuvant in
vitrectomy in patients with TRD, vitreal hemorrhage, mixed TRD,
active fibrovascular proliferation (FVP)®'¥2%, and neovascular glau-
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coma®" (Table 1). Also, a pilot study of bevacizumab injected imme-
diately after vitrectomy for vitreous hemorrhage was conducted®?.

In these studies, the bevacizumab dose ranged from 1 to 2.5 mg
and the time of drug administration before surgery ranged from 1 to
30 days, with the patients usually being operated about 7 days after
the intravitreal injection'820222629 Thjs time is considered to be safe
in order to avoid complications of increased fibrosis and vitreoretinal
traction, with regression of active neovessels and reduction of high
VEGF levels characteristic of PDR having been observed®.

The preoperative use of bevacizumab proved to be favorable
regarding technical aspects of the execution of pars plana vitrec-
tomy, reducing surgical time and material exchange and facilita-
ting the removal of fibrovascular membranes, in addition to redu-
cing intraoperative hemorrhage and the need to use endodia-
thermy®2022:2325272930 The improvement of the surgical technique for
vitrectomy was probably due to the induction of neovascular re-
gression and the reduction of vascular caliber®7222530 with the
consequent facilitation of the intraoperative manipulation of fibro-
vascular proliferations. However, other variables also influence the
surgical technique in addition to the activity of neovessels in FVP,
such as FVP extension and adhesion to the retina, factors that are
little modified by the use of anti-VEGF drugs within a short period
of time before surgery.

One of the main premises of the adjuvant use of an anti-VEGF drug
in vitrectomy is to reduce the occurrence of postoperative he-
morrhage, thus promoting a more rapid visual recovery. However,
the postoperative results of these studies do not prove unequivo-
cally the benefits of preoperative bevacizumab, with no randomi-
zed studies with long-term evaluation being available. While some
studies have reported a statistically significant postoperative
gain of visual acuity in patients previously treated with bevacizu-
mab!1819222329 others did not observe this benefit@2'2+2%), The occur-
rence of postoperative vitreous hemorrhage tends to be less fre-
quent with the adjuvant use of bevacizumab!#1%2223), although this
result was not observed in other studies???®, Postoperative vitreous
hemorrhage can also be combated with gas buffering, which proved
to be as effective as preoperative bevacizumab in a study by Yeung
et al.??), although in that study the best results were obtained with
the preoperative use of bevacizumab in combination with gas at
the end of vitrectomy. Yang et al.?®’ suggested that, although the
frequency of postoperative vitreous hemorrhage did not differ
between groups treated or not with adjuvant bevacizumab in their
study, the use of the antiangiogenic drug allowed a more rapid
vitreous clearing during the postoperative period.

The reduction of vascular caliber after bevacizumab administra-
tion may result in lower intraoperative hemorrhage due to less
damage to the vascular structures, with a consequent reduction of
postoperative hemorrhage®?¥. Although preoperative bevacizu-
mab is eliminated from the vitreous with vitrectomy, its action may
be prolonged by tissue penetration, since the presence of the drug
in the choroid and inner retina one day after intravitreal administra-
tion has been demonstrated, continuing to be detectable 14 days
after its use®?.

The intraoperative use of bevacizumab in vitrectomy has also
been reported®?. In the study by Romano et al.®?, a prospective case
series in which 2.5 mg bevacizumab was administered at the end
of pars plana vitrectomy, the incidence of postoperative vitreous
hemorrhage did not seem to be lower than the values reported in the
literature. A possible explanation for this fact is that inhibition of VEGF
during the immediate postoperative period may compromise
vascular regeneration and favor re-bleeding®®®.

COMPLICATIONS OF THE ADJUVANT USE oF ANTI-VEGF DRuGS
IN VITRECTOMY FOR DIABETIC RETINOPATHY

The adjuvant use of antiangiogenic drugs in vitrectomy, howe-
ver, may cause complications, as described in some case reports
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Table 1. Demographic and clinical characteristics of studies involving pars plana vitrectomy and adjuvant intravitreal bevacizumab for
proliferative diabetic retinopathy

N2 of Bevacizumab Time between
Study Diagnosis Study design patients (mg) IVB and PPV (days)
Modarres et al. 2009 PDR Prospective, randomized, masked 40 2.50 3-5
Ahmadieh et al. 2009 PDR - complications Prospective, randomized, double-masked 68 1.25 7
El-Batarny 2008 DR (TRD, VH) Prospective, non-randomized 30 1.25 5-7
Lo et al. 2009 PDR (TRD, VH, TRRD) Retrospective, comparative 137 1.25 1-27 (mean= 9.6)
Romano et al. 2009a PDR (VH) Prospective, pilot 28 (30 eyes) 2.50 Intra-operative
Yeh et al. 2009 PDR (TRD, VH) Prospective, case-control 39 (41 eyes) 1.25 7-9
Yeung et al. 2009 PDR (TRD) Retrospective, case series 64 (69 eyes) 1.25 1-23 (mean=9.6)
Oshima et al. 2009 PDR (TRD) Retrospective, comparative 59 (71 eyes) 1.00 2 -30 (mean=7.6)
Romano et al. 2009b PDR (VH) Prospective, pilot 31 (32 eyes) 2.50 4-7
Yeh et al. 2008 PDR (TRD, VH) Prospective, case series 16 (18 eyes) 1.25 6 - 14 (mean=9)
Yang et al. 2008 PDR (active FVP) Prospective, non-randomized 39 (40 eyes) 1.25 7-9
Rizzo et al. 2008 PDR (TRD, VH, TRRD) Prospective, randomized 22 1.25 5-7
Ishikawa et al. 2009 PDR Prospective, case series 6 (8 eyes) 1.25 3-30
Chen e Park 2006 PDR (TRD) Prospective, case report 01 1.25 14
Lucena et al. 2009 PDR (TRD) Prospective, randomized, masked 20 1.50 14

PDR= proliferative diabetic retinopathy; TRD= traction retinal detachment; VH= vitreous hemorrhage; TRRD= combined traction and rhegmatogenous retinal detachment;

IVB= intravitreal bevacizumab; PPV= pars plana vitrectomy; FVP= fibrovascular proliferation

and comparative studies in the literature. Lee and Koh © reported
an increase in the avascular foveal zone after posterior vitrectomy
for diabetic vitreous hemorrhage with the intraoperative use of 2.5 mg
bevacizumab. Despite the concern about the increased retinal
ischemia in diabetic retinopathy, it should be considered that the
bevacizumab dose administered in this study was higher than that
usually reported in the literature. No comparative studies evalua-
ting the intraoperative use of an antiangiogenic drug in vitrectomy
are available. A recent study on patients with diabetic macular edema
and severe macular ischemia treated with intravitreal bevacizumab
demonstrated improvement of visual acuity and of macular edema
without worsening of retinal ischemia®. The occurrence of a hole
was observed by Gandhi et al.®” after the administration of 1.25 mg
bevacizumab before pars plana vitrectomy due to fibrovascular pro-
liferation in diabetic retinopathy and was attributed to the tangential
traction exerted by the fibrovascular tissue. Another complication
related to the intraoperative use of bevacizumab was the occur-
rence of multiple retinal hemorrhages®®. Postoperative subretinal
hemorrhages were also observed by Yeh et al.*? in a prospective
study of patients with PDR complications treated with 1.25 mg bevaci-
zumab 7 to 9 days before pars plana vitrectomy and were tentati-
vely attributed to increased traction and to the formation of micro-
ruptures, although they did not have a significant effect on the
surgical result.

The onset or progression of TRD and the occurrence of mixed
retinal detachment are the most feared and most frequently repor-
ted complications. Considering only comparative studies, two of
10 articles reported TRD progression after the preoperative admi-
nistration of the anti-VEGF drug?*?¥. Yeh et al.*? reported a case of
TRD progression to mixed RD after the intravitreal injection of 1.25 mg
bevacizumab. In a retrospective study, Oshima et al.*¥ identified
progression of retinal detachment in 7 eyes, i.e, 18% of their
patient sample treated with bevacizumab 2 to 30 days before
vitrectomy (mean: 7.6 days). The dose of bevacizumab administe-
red in this study was 1 mg, and the authors did not observe a relation
of the time interval between injection of the antiangiogenic drug
and vitrectomy with progression of the retinal detachment, with
previous panretinal photocoagulation and ring retinal fibrosis
surrounding the posterior pole being implicated as risk factors for
progression. The management of PDR involves the treatment of
retinal ischemia that leads to a pro-angiogenesis stimulus, which
can be obtained by the use of antiangiogenic drugs such as bevaci-

zumab, with a consequent reduction of the vasoproliferative stimu-
lus in favor of fibrosis of existing fibrovascular structures and a conse-
quent increase in retinal traction®9. The administration of be-
vacizumab before vitrectomy to patients with intense fibrovascular
proliferation and with a high ischemic stimulus may favor rapid
fibrosis and cause a worsening of retinal detachment®??. Thus, the
contribution made by Oshima et al.*” should serve as an alert about
which patients may benefit from a preoperative anti-VEGF drug and
which patients should be followed-up at higher frequency after
administration of the angiogenic drug.

CONCLUSIONS

Anti-VEGF drugs play a well-established role in PDR by inducing
regression and caliber reduction of neovessels, an aspect exploited by
the use of antiangiogenic adjuvants in vitrectomy for PDR compli-
cations.

The use of bevacizumab before vitrectomy for complications of
diabetic retinopathy is associated with simplification of the
surgical technique, with a reduction of the intraoperative compli-
cations commonly occurring among these patients. However, des-
pite the observed tendency to less recurrent postoperative he-
morrhage, there are no randomized prospective studies unequivo-
cally demonstrating the long-term benefit of preoperative admi-
nistration of anti-VEGF drugs. Other methods could also be used in
order to improve recovery after surgery, such as cryotherapy in sclero-
tomy and gas buffering, and could be employed in combination
with an antiangiogenic agent, resulting in the sum of benefits.
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