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Intravitreal Bevacizumab in Diabetic Retinopathy.
Recommendations from the Pan-American Collaborative
Retina Study Group (PACORES): The 2016 Knobloch Lecture

J. Fernando Arevalo, MD, FACS, and TY. Alvin Liu, MD;
for the Pan-American Collaborative Retina Study Group (PACORES)

Abstract: The advent of intravitreal anti—vascular endothelial growth
factor (anti-VEGF) medications has revolutionized the treatment of
diabetic eye diseases. Herein, we report the outcomes of clinical stud-
ies carried out by the Pan-American Collaborative Retina Study Group
(PACORES), with a specific focus on the efficacy of intravitreal bevaci-
zumab in the management of diabetic macular edema and proliferative
diabetic retinopathy. We will also discuss the use of intravitreal bevaci-
zumab as a preoperative, adjuvant therapy before vitrectomy for prolif-
erative diabetic retinopathy.
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Diabetic retinopathy is a major cause of blindness in the world,
especially in developing countries.! Vision loss due to diabe-
tes mellitus is primarily caused by 2 mechanisms: diabetic macu-
lar edema (DME) and proliferative diabetic retinopathy (PDR).
Diabetic macular edema within 1 disk diameter of the fovea, lead-
ing to central vision loss, is present in about 9% of the diabetic
population.? Proliferative diabetic retinopathy is present in about
1.5% of adults with diabetes,’ and PDR can lead to vision loss by
various mechanisms, such as retinal neovascularization, vitreous
hemorrhage, neovascular glaucoma, and tractional retinal detach-
ment (TRD).

It has been shown that vision loss secondary to proliferative
changes is more common in patients with type 1 diabetes, where-
as vision loss secondary to DME is more common in patients with
type 2 diabetes.*

Vascular endothelial growth factor (VEGF) is a major driv-
ing force in the development of PDR and DME,> and in recent
years, intravitreal injection of anti-VEGF medications, such as
bevacizumab (Avastin, Genentech Inc, San Francisco, CA), ra-
nibizumab (Lucentis, Genentech, South San Francisco, CA), and
aflibercept (Eylea; Regeneron, Tarrytown, NY, and Bayer Health-
Care, Berlin, Germany), has emerged as an important treatment
modality, either as primary or adjuvant therapy for DME and
PDR.
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The purpose of this review article is to summarize results
of clinical studies carried out by the Pan-American Collabora-
tive Retina Study Group (PACORES), with a specific focus on
the treatment of DME and PDR with intravitreal bevacizumab.
The PACORES is a collaborative research consortium, currently
involving 19 centers in 13 countries across Latin America and
Spain.

INTRAVITREAL BEVACIZUMAB FOR THE
TREATMENT OF DME

In 2016, we published our 5-year results on the treatment
of DME with intravitreal bevacizumab.!® It was a retrospective
study, involving 12 centers across 10 countries. In total, 201
consecutive patients (296 eyes) with center-involving DME and
vision loss were included. All patients met the following crite-
ria: (1) no other possible causes of decreased vision; (2) no prior
treatment for DME such as macular laser photocoagulation, intra-
vitreal triamcinolone, micropulse laser, or pars plana vitrectomy;
(3) no evidence of vitreomacular traction on optical coherence
tomography (OCT); (4) no evidence of macular ischemia on fluo-
rescein angiography (FA); (5) at least 5 years of follow-up; and
(6) no evidence of intraocular inflammation, uncontrolled intra-
ocular pressure, or cataract surgery within the previous 6 months.
Patients were treated monthly with 1.25 mg of intravitreal bevaci-
zumab until the edema was stabilized, then they returned to clinic
and were treated on an as-needed regimen at the discretion of the
treating physician, based on best corrected visual acuity (BCVA)
and OCT. The main outcome measures were changes in BCVA
and central macular thickness (CMT) at the 60-month follow-up
visit.

The mean number of intravitreal bevacizumab injections per
eye was 8.4 £ 7.1. The mean baseline BCVA was Snellen 20/100
and the mean final BCVA at month 60 was Snellen 20/100, which
was not statistically different (P = 0.387) despite statistically sig-
nificant vision gain during the first 3 years. Subgroup analysis
showed that at month 60 BCVA improved by 2 or more lines,
remained stable, and decreased by 2 or more lines in 29%, 43.6%,
and 27.4% of eyes, respectively. The mean baseline CMT was
403.5 pm. Significant decrease in CMT was seen by month 6 and
the reduction in CMT was generally maintained throughout the
remainder of the study period. At month 60, the mean CMT was
313.7 um, which was significantly lower than that of baseline
(P <0.0001).

Discussion

To our knowledge, this study provides one of the longest-
term follow-up datasets on the efficacy of anti-VEGF treat-
ments in DME. Specifically, we believe that no other studies
have reported the 5-year results of intravitreal bevacizumab for
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center-involving DME. The major weaknesses of this study in-
clude its retrospective nature and likely undertreatment of the
involved patients. In our study, the average number of injections
was 8.4 over 5 years in each eye, with an average of 3.3 injections
given during the first year, which was significantly lower than that
reported in other randomized, prospective studies. For example,
in the Diabetic Retinopathy Clinical Research Network (DRCR.
net) Protocol I Study, the median number of intravitreal injections
over 5 years was 13 and 17 in the ranibizumab plus prompt la-
ser and ranibizumab plus deferred laser groups, respectively.!' In
the DRCR.net Protocol T Study, the median number of injections
over 2 years was 15, 16, and 15 in the aflibercept, bevacizumab,
and ranibizumab groups, respectively.'? In the BOLT Study, the
bevacizumab arm received a median number of 13 injections over
2 years." In the phase 3 trials RISE and RIDE, the treatment arm
received monthly ranibizumab injections.'

It is interesting to note that in our study, though the mean
CMT remained fairly stable between year 1 and 5, the mean
BCVA steadily decreased from year 1 onwards, such that by year
4 the initial vision gain had ceased to be statistically significant.
This suggests that undertreatment of DME and chronic fluid in
the macula can lead to relatively limited improvements in vision
despite anatomic response, an observation that is corroborated
by the outcomes in the sham crossover group in the RISE and
RIDE trials."* Despite the design limitation of our study, we be-
lieve that our results provide valuable real-world data that reflects
real-world practice patterns. The treatment regimen employed in
clinical trials is difficult to replicate in most countries, especially
in the long-term and in developing countries due to various fac-
tors, such as access to care and costs. Our data can be used as
a reasonably reliable framework with which to counsel patients.
For example, a typical patient with center-involving DME in a
developing country will have a roughly 70% chance of stabilized
or improved vision with intravitreal bevacizumab treatment over
a time course of 5 years.

INTRAVITREAL BEVACIZUMAB FOR THE
TREATMENT OF PDR

In 2017, we published our 2-year results on the treatment of
PDR with intravitreal bevacizumab.!’ It was a retrospective, mul-
ticenter study involving 5 institutions. In total, 81 consecutive pa-
tients (97 eyes) with PDR were included. Major exclusion criteria
were any previous anti-VEGF treatment and scatter photocoagu-
lation, focal/grid laser photocoagulation, or previous intravitreal
triamcinolone injection within the past 6 months. Patients were
treated with an initial intravitreal injection of 1.25 mg of bevaci-
zumab. Patients were examined at 1 week, 2 weeks, and 1 month
after the first injection and monthly thereafter. An assessment for
retreatment with bevacizumab, retreatment with laser, or initia-
tion of panretinal photocoagulation (PRP) occurred at each visit,
and treatments were performed at the discretion of the treating
physician. Reinjections of bevacizumab were performed if retinal
neovascularization had not totally resolved on ophthalmic exami-
nation or FA, or if there had been a recurrence of neovascular
activity. The main outcome measures were change in retinal neo-
vascularization, defined as the change in the area of leakage from
retinal neovascularization in the late phase of FA, and changes in
BCVA with assessment of CMT measured by OCT.

The mean number of intravitreal bevacizumab injections

© 2017 Asia-Pacific Academy of Ophthalmology

per eye was 4 £ 2.5, and the mean interval between injections
was 3 £+ 7 months. The mean baseline BCVA was Snellen 20/125,
whereas the mean final BCVA at month 24 was Snellen 20/60.
The improvement was statistically significant (P < 0.0005). Sub-
group analysis showed that at month 24 BCVA improved by 2 or
more lines, remained stable, and decreased by 2 or more lines in
43.3%, 50.5%, and 6.2% of eyes, respectively. The mean base-
line CMT was 359.9 um, whereas the mean final CMT at month
24 was 311.7 um. The decrease was statistically significant (P <
0.0001).

At month 24, 59.7%, 17.7%, and 22.6% of eyes showed
complete, partial, and no regression of retinal neovascularization,
respectively. Subgroup analysis showed that at month 24, within
the group of patients who had prior PRP (61.9% of total patients),
73.3%, 15.1%, and 11.6% of eyes showed complete, partial, and
no regression of retinal neovascularization, respectively. Within
the group of patients who had no prior PRP (38.1% of total pa-
tients), 37.9%, 21.6%, and 40.5% of eyes showed complete, par-
tial, and no regression of retinal neovascularization, respectively.
In terms of treatment received over the study period, within the
group of patients who had prior PRP, 68.3%, 16.6%, and 15% of
eyes received bevacizumab alone, bevacizumab plus immediate
laser treatment, and bevacizumab plus deferred laser treatment,
respectively. Within the group of patients who had no prior PRP,
32.4%, 48.6%, and 18.9% of eyes received bevacizumab alone,
bevacizumab plus immediate laser treatment, and bevacizumab
plus deferred laser treatment, respectively.

Discussion

Our data suggests that patients who have had prior PRP tend
to have better overall control of retinal neovascularization over
a 2-year period. This is supported by the higher rate of complete
regression, 73%, versus 37.9% seen in the no prior PRP group.
This observation is interesting, as a high percentage of patients
(48.6%) within the no prior PRP group actually received immedi-
ate PRP in conjunction with initiation of intravitreal bevacizumab
treatment. Yet, despite this, this particular group fared worse over
a span of 2 years. One could argue that the rate of complete re-
gression in both groups might be different had the patients been
treated with intravitreal bevacizumab more frequently. Although
it is true that our patients might be undertreated receiving a mean
of 4 injections over 2 years, as compared with a median of 10
ranibizumab injections over 2 years in the ranibizumab without
baseline DME group and a median of 14 ranibizumab injections
over 2 years in the ranibizumab with baseline DME group in the
DRCR.net Protocol S Study,'® our study was not designed to an-
swer the question of whether bevacizumab or PRP was a superior
modality. Instead, the main purpose of this study was to reflect
real-world experience in using intravitreal bevacizumab in the
treatment of PDR and to explore the role of intravitreal bevaci-
zumab as an adjuvant to PRP for future studies.

Our recommendation is that in a patient with prior PRP,
intravitreal bevacizumab alone provides a reasonable chance of
control of retinal neovascularization (close to 70%) even at a
modest treatment frequency. However, in a patient without prior
PRP, unless regular follow-up visits and timely repeated intra-
vitreal anti-VEGF treatments can be ensured, immediate PRP in
conjunction with anti-VEGF injections is more likely to provide
long-term control of retinal neovascularization. Otherwise, more
than 50% of patients will end up needing PRP or vitrectomy.
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PREOPERATIVE INTRAVITREAL BEVACIZUMAB
BEFORE PARS PLANA VITRECTOMY FOR
MANAGEMENT OF PDR

We published a retrospective study in 20087 on the develop-
ment or progression of TRD after preoperative intravitreal beva-
cizumab as an adjuvant to vitrectomy for management of PDR.
Out of 211 eyes, 11 eyes (5.2%) developed or had progression
of TRD. Seven out of these 11 eyes had localized TRDs before
intravitreal bevacizumab. Within this group, the development or
progression of TRD led to a statistically significant decline in vi-
sion from a mean BCVA of 20/125 to a mean BCVA of hand mo-
tions (P < 0.0001). The time from injection to TRD development
or progression was a mean of 13 days (range, 3 to 31 days).

We published a follow-up study with a larger sample size in
2011," involving 698 eyes. Out of the 698 eyes, 25 eyes (3.5%)
developed or had progression of TRD after a preoperative intra-
vitreal bevacizumab injection. A total of 626 of the 698 injections
were 1.25 mg of bevacizumab. Nineteen out of these 626 eyes
(3%) developed or had progression of TRD. Seventy-two of the
698 injections were 2.5 mg of bevacizumab. Six out of these 72
eyes (8.3%) developed or had progression of TRD. We further
performed multivariate and bivariate analysis to identify risk fac-
tors for development or progression of TRD. These risk factors
were found to be statistically significant: more than 15 years from
diagnosis of diabetes mellitus (P = 0.009), more than 13 days
from injection to vitrectomy (P = 0.0001), and the use of a higher
dose (2.5 mg) of bevacizumab (P = 0.022).

Discussion

We believe that preoperative intravitreal bevacizumab is
beneficial before vitrectomy for PDR, as it tends to decrease in-
traoperative bleeding, facilitate intraoperative fibroproliferative
membrane dissection, and decrease postoperative bleeding. From
our experience, intravitreal bevacizumab before vitrectomy is
safe, with a low incidence (3.5%) of TRD development or pro-
gression. The chance of TRD development or progression can
be further decreased with careful planning and patient selection.
If intravitreal bevacizumab were to be given, it should be given
no more than 2 weeks before surgery, given the mean number
of days from injection to TRD development/progression was 13
days. Ideally, it should be given within 4 days of surgery, given
that in our series TRD development/progression happened in
more than 80% of cases 5 days or more after injection. In ad-
dition, we caution against using a higher dose (2.5 mg) of intra-
vitreal bevacizumab, as it may lead to a higher chance of TRD
development/progression.

CONCLUSIONS

The advent of intravitreal anti-VEGF medications has rev-
olutionized the treatment of diabetic eye diseases. Whereas ra-
nibizumab and aflibercept are specifically formulated for intra-
ocular uses, off-label use of bevacizumab remains popular and
widespread in the world, especially in low-income and middle-
income countries, given its lower cost, perceived effectiveness,
and comparable safety profile.”** Based on our experience, we
recognize intravitreal bevacizumab to be an important tool in
our armamentarium for treating the complications of diabetic
retinopathy. For center-involving DME, our real-world data sug-
gests that there is a roughly 70% chance of stabilized or improved
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vision with intravitreal bevacizumab treatments over a time course
of 5 years. For PDR, intravitreal bevacizumab is a good adjuvant
therapy for patients who have already received prior PRP treat-
ment, and unless frequent follow-up visits and treatments can be
ensured, treatment-naive patients will likely have better control of
retinal neovascularization with prompt PRP in conjunction with
initiation of intravitreal treatments. Lastly, preoperative intravit-
real bevacizumab before vitrectomy is safe, with a low incidence
(3.5%) of TRD development or progression. This risk can further
be reduced by performing surgery within 4 days of injection and
by avoiding the usage of a higher dose (2.5 mg) of bevacizumab.
In terms of future research directions, our group recently carried
out a prospective study on the utility of preoperative intravitreal
bevacizumab before diabetic TRD repair, and currently the data
is being analyzed.
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Institute, Johns Hopkins University, Baltimore, Maryland; A. F.
Lasave (PI), Clinica Oftalmologica Centro Caracas and the Are-
valo-Coutinho Foundation for Research in Ophthalmology, Ca-
racas, Venezuela; M. Farah (PI), M. Maia, F. M. Penha, E. B.
Rodrigues, Universidade Federal de Sao Paulo, Departamento de
Oftalmologia, Instituto da Visdo, Sao Paulo, Brazil; V. Morales-
Canton (PI), J. Fromow-Guerra, J.L. Guerrero-Naranjo, J. Dalma-
Weiszhausz, R Velez-Montoya, H. Quiroz-Mercado, Asociacion
para Evitar la Ceguera en México, Mexico City, Mexico; F. J.
Rodriguez (PI), F. E. Gomez, A. C. Bricke, A. Goveto, Funda-
cion Oftalmologica Nacional, Universidad del Rosario, Bogota,
Colombia; M.H. Berrocal (PI), V. Cruz-Villegas, University of
Puerto Rico, San Juan, Puerto Rico; F. Graue-Wiechers (PI), D.
Lozano-Rechy, E. Fulda-Graue, Fundacion Conde Valenciana,
Mexico City, Mexico; J.A. Roca (PI), A. Hernandez, Clinica Ri-
cardo Palma, Lima, Peru; M. J. Saravia (PI), A. Schlaen, J. Rojas,
M. Ingolotti, Hospital Universitario Austral, Buenos Aires, Ar-
gentina; M. Avila (PI), L. Carla, Universidade Federal de Goias,
Departamento de Oftalmologia, Goiénia, Brazil; J. Cardillo (PI),
R. Jorge, Hospital de Olhos de Araraquara, and the Universidade
de Sao Paulo, Sao Paulo, Brazil; C. Carpentier (PI), J. Verdaguer
T., J.I. Verdaguer D., G. Sepulveda, Fundacion Oftalmologica Los
Andes, Santiago de Chile, Chile; A. Alezzandrini (PI), B. Garcia,
M. Zas, OFTALMOS, Catedra de Oftalmologia, Universidad de
Buenos Aires, Buenos Aires, Argentina; R. Gallego-Pinazo (PI),
M. Diaz-Llopis, R. Dolz-Marco, Hospital La Fe, Universidad de
Valencia, Spain; M. Figueroa (PI), I. Contreras, D. Ruiz-Casas,
Hospital Universitario Ramén y Cajal, Departamento de Retina
and VISSUM Madrid, Madrid, Spain.

PI indicates principal investigator.
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