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Aim: To evaluate the efficacy of switching from bevacizumab to ranibizumab or aflibercept 
in eyes with diabetic macular edema (DME) unresponsive to bevacizumab.
Methods: Single-center retrospective comparative study of patients with DME unresponsive 
to intravitreal bevacizumab that was switched to ranibizumab or aflibercept. Best-corrected 
visual acuity (BCVA) and central foveal thickness (CFT) were analysed prior to and 4 
months after the switch. Ocular coherence tomography (OCT) biomarkers were also 
analysed.
Results: Fifty-six eyes from 40 patients were included in the study, 33 eyes switched to 
ranibizumab and 23 to aflibercept. A significant median CFT decrease was observed in both 
groups (p<0.001), with no between-group differences. BCVA gain was only significant in the 
ranibizumab group (p<0.001). None of the pre-baseline or baseline parameters were asso-
ciated with the response to ranibizumab or aflibercept.
Conclusion: In persistent DME unresponsive to bevacizumab, both anatomical and func-
tional improvements were observed with ranibizumab whereas aflibercept only showed an 
anatomical improvement. Clinicaltrials.gov NCT04018833.
Keywords: aflibercept, bevacizumab, diabetic macular edema, ranibizumab, refractory

Introduction
Diabetic retinopathy (DR) is the leading cause of vision loss among working-age 
adults in the developed world,1 and diabetic macular edema (DME) is the main 
responsible for the vision loss related to DR.

The International Council of Ophthalmology and EURETINA Guidelines 
recommend anti-vascular endothelial growth factors (anti-VEGF) agents, 
ranibizumab2,3 and aflibercept,4 as well as off-label bevacizumab,5 as first-line 
therapy for treating central DME.6,7 The lower cost of bevacizumab, perceived 
effectiveness and relative safety, makes it a widely accepted therapy option parti-
cularly in the developing world.8 Protocol T is the only head-to-head study in DME 
with the three anti-VEGF agents.9 However, ranibizumab was used at 60% (0.3mg) 
of the dose approved by the European Medicines Agency (EMA), which is 0.5mg.2 

Although in the first 3 years of the RIDE and RISE (A Study of Ranibizumab 
Injection in Subjects With Clinically Significant Macular Edema (ME) With Center 
Involvement Secondary to Diabetes Mellitus, NCT00473382 and NCT0047330, 
respectively) trials no statistically significant difference in functional or anatomical 
outcomes has been detected between the 0.3mg and the 0.5mg doses, their 
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comparison was not performed under a pro re nata (PRN) 
regimen. In fact, in an extended dose regimen strategy, 
those differences could have emerged.9 In more severe or 
refractory cases, this is the rational for switching from 
a less effective off-label anti-VEGF to ranibizumab or 
aflibercept.

There are numerous data showing the efficacy of rani-
bizumab or aflibercept for the treatment of patients with 
DME refractory to bevacizumab, as well as with an anti- 
VEGF switch approach in cases where tachyphylaxis or 
tolerance to a previously effective anti-VEGF may 
occur.10–12 Much less evidence exists on the real efficacy 
differences between aflibercept versus ranibizumab treat-
ment after an initial bevacizumab regimen.13

Retinal edema is responsible for retinal microstructural 
changes, retinal atrophy of photoreceptors and ganglion 
cell lesions.14 It may also be considered consensual that 
the best improvements in visual acuity are achieved when 
retinal edema is resolved. In a background of a chronic 
and progressive disease, DME should be faced as 
a condition to control as efficiently and promptly as pos-
sible. Therefore, it is crucial to identify early non- 
responders to an anti-VEGF considering also an early 
therapeutical switch with the purpose of achieving the 
best anatomical and functional outcomes. The key to an 
early identification of a nonresponder lies on the identifi-
cation of prognostic biomarkers. According to the litera-
ture, the presence of OCT biomarkers such as subretinal 
fluid (SRF), ellipsoid layer disruption (ELd), external lim-
iting membrane disruption (ELMd), hyperreflective foci 
(HRF), cysts in the outer nuclear layer (ONLc) and their 
size, hard exudates (HE) and disorganization of the retinal 
inner layers (DRIL) are correlated with a more severe, 
chronic DME and poor retina function but not with an 
expected negative anti-VEGF response.15–19 Only the pre-
sence of outer plexiform layer disruption (OPLd), epiret-
inal membrane (ERM) with retina wrinkling and the loss 
of deep capillary plexus in OCT angiography have shown 
to be predictive of a poor response to anti-VEGF.15–19

A vitreomacular detachment from the macular area 
(VMA) with some possible anterior-posterior traction 
(considered in this study when at least one-third of VMA 
was present) may also play a role in DME evolution, 
particularly in treatment response. The tangential as well 
as anterior-posterior traction, through a synergic effect, 
may contribute to a higher hydrostatic pressure towards 
the retina tissue.20–22

The purpose of this study was to evaluate the safety 
and efficacy of switching to ranibizumab or aflibercept in 
cases of DME refractory to off-label bevacizumab treat-
ment, and to identify any parameters associated with posi-
tive or negative prognosis following this switch.

Subjects, Materials and Methods
Study Design
This was a single-center retrospective comparative study 
of consecutive DME cases unresponsive or incompletly 
responsive to intravitreal (IV) bevacizumab (1.25mg/ 
0.05mL) that were switched to IV ranibizumab (0.5mg/ 
0.05mL) or aflibercept (2.0mg/0.05mL).

The study was conducted according to the tenets of the 
Declaration of Helsinki in its latest amendment (Brazil, 
2013) as was approved by the Ethics Committee of HSA- 
CHUP. All patients signed an informed consent prior to 
entering the study. This study is registered on clinicaltrials. 
gov under the number NCT04018833.

Setting and Participants
The study was performed at Hospital de Santo António-Centro 
Hospitalar e Universitário do Porto (HSA-CHUP), Portugal.

The clinical records of 188 eyes from 128 patients with 
DME under IV treatment between January 2012 and 
October 2015 were reviewed. A total of 147 eyes were identi-
fied as having started IV treatment for DME with 
bevacizumab.

Inclusion criteria were patients with type 1 or type 2 
diabetes mellitus, older than 18 years, with center-involved 
DME, defined as central foveal thickness (CFT) of more than 
300µm on spectral-domain OCT (SD-OCT). All patients 
included were considered nonresponsive to bevacizumab, 
defined as having persistent intraretinal and/or subretinal 
fluid on OCT, ie, CFT>300µm and ≤10% CFT decrease 
from the last two consecutive bevacizumab IV, after 
a minimum of 3 monthly injections, with CFT assessed 
during the fourth week after the last bevacizumab injection 
before switching, regardless of visual acuity (VA).

Exclusion criteria included additional ocular diseases 
that could significantly affect the VA: a significant vitreor-
etinal interface anomaly on SD-OCT that might contribute 
to macular edema, such as an ERM with inner retinal dis-
tortion including proliferative diabetic retinopathy (PDR) 
with tractional retinal detachment or vitreous haemorrhage; 
age-related macular degeneration; retinal vascular occlusion; 
central corneal opacity; amblyopia; advanced glaucoma; 
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optic neuropathy; vitreous opacity; history of ocular trauma 
or surgery other than uncomplicated cataract extraction; 
cataract surgery within 6 months before bevacizumab 
switch; and inability or unwillingness to provide informed 
consent. Previous vitrectomy was not considered an exclu-
sion criteria if DME occurred after a minimum period of 6 
months post-vitrectomy. Both eyes of a single patient could 
be included only if both met all of the inclusion criteria, 
none of the exclusion criteria, and if the patient was 
switched to the same anti-VEGF at the time.

Methods of Assessment
Demographic characteristics, type of diabetes, presence or 
absence of diabetic retinopathy, HbA1c, CFT, BCVA in 
Early Treatment Diabetic Retinopathy Study (ETDRS) 
letters, and comorbidities were collected from the clinical 

records before starting bevacizumab injections (pre- 
baseline).

Baseline was considered as the time point immediately 
before the switch. At this time, collected variables were 
previous laser therapy, number of previous bevacizumab 
IV injections, CFT and BCVA. Moreover, we have con-
sidered as OCT biomarkers the presence of 10 different 
morphological parameters (Figure 1A and B), six in 1 mm 
central foveal area and four within the 20x20º scan area. In 
the 1 mm central foveal area: 1) SRF presence; 2) 
OPLd; 3) DRIL; 4) ELd; 5) ELMd; 6) existence of more 
than 10 HRF. Within the 20x20º scan area: 7) cysts in the 
outer nuclear layer more expressive than in the inner 
nuclear layer (ONLc>INLc); 8) HE evidence; 9) ERM 
without inner retinal distortion (ERMn); and 10) vitreo-
macular adhesion with at least one-third of VMA.

Figure 1 (A) Example of a central foveal image of an OCT 20x20º scan area (5.8 mm) acquisition where the existence of hard exudates (HE); hyperreflective foci (HRF) 
with small size (<30µm), with reflectivity similar to the nerve fiber layer and no back-shadowing; hard exudates (HE) with back-shadowing; and a vitreomacular adhesion with 
at least 1/3 of vitreomacular detachment from the macular area (VMA) can be observed. (B) Example of a central foveal image of an OCT 20x20º scan area acquisition with 
the presence of an epiretinal membrane without inner retinal distortion (ERMn); outer plexiform layer disruption (OPLd); disorganization of the retinal inner layers (DRIL); 
ellipsoid layer disruption (ELd); external limiting membrane disruption (ELMd); HE; and HRF.
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A single 180º SD-OCT line scan (5.8mm length) centered 
onto the fovea was analyzed for HRF evaluation. A manual 
count of HRF, defined as small (<30µm), punctiform, with 
reflectivity similar to the nerve fiber layer and no back- 
shadowing, was performed in the central 1 mm in length.

After the switch, all patients received three monthly 
consecutive doses of ranibizumab or aflibercept and were 
observed during the fourth week after the last injection, 
when CFT and BCVA were assessed.

OCT scans were obtained by an SD-OCT (macular 
dense line scan mode HR 20x20º Spectralis HRA+OCT; 
Heidelberg Engineering, Heidelberg, Germany). The OCT 
data evaluation was performed by two experienced medi-
cal retina specialists, BP and MB, and the mean value of 
these measurements was considered.

The CFT was automatically measured by the software in 
the central 1 mm. A CFT<300µm was defined as DME 
resolution. After switching, during the fourth week after the 
last injection, a clinically significant functional improvement 
was considered when a gain of ≥5 EDTRS letters was 
achieved and a clinically significant anatomical improvement 
was considered if a reduction in CFT≥10% was achieved.

Quantitative Variables
Quantitative variables reported on this paper are HbA1c, 
CFT, and BCVA in ETDRS letters.

Statistical Methods
Non-parametric statistical methods were used. Values are 
presented as median (range, interquartile range) or n (%) 
unless otherwise specified. Within-group analyses were 
performed with the Friedman or Wilcoxon tests for paired 
samples, depending on the number of time points ana-
lysed. The McNemar test was used for discrete variables. 
Between-group analyses (ranibizumab versus aflibercept) 
at each time point were performed with the Mann– 
Whitney test. The x2 test was used for comparison of 
proportions. Whenever necessary, p-values were adjusted 
for multiple comparisons. Data analyses were performed 
using SPSSv23 (IBM., USA). Tests were considered sig-
nificant at α<0.05 significance level (two-sided).

Results
Participants
A total of 56 eyes from 40 patients were included in the 
study.

Demographics and Clinical Baseline 
Characteristics
Demographic, pre-baseline and baseline clinical data from 
the total population sample and patients that switched to 
ranibizumab or aflibercept are shown in Table 1. There 
were no between-group statistically significant differences 
in demographic characteristics, pre-baseline or baseline 
parameters, except for DRIL presence in baseline OCT 
parameters – Table 2. There were more eyes without 
DRIL in the ranibizumab group than in the aflibercept 
group (63.6% vs 26.1%, p=0.007).

Between- and Within-Group Anatomical 
Differences Post-Switch
Median CFT decrease was significantly different in both 
switch groups after 4 months both compared to pre- 
bevacizumab and to the moment of the switch (p<0.001), 
with no between-group differences – Figure 2.

Between- and Within-Group Functional 
Differences Post-Switch
BCVA gain was only statistically significant in the post- 
switch ranibizumab group after 4 months, both compared 
to pre-bevacizumab and the moment of the switch 
(p<0.001) – Figure 3. Moreover, more patients increased 
more than 15 letters in the ranibizumab group compared 
with the aflibercept group (18.2% vs 0%, respectively, 
p=0.037) after 4 months of the switch.

Discussion
This single-center retrospective comparative study 
describes the efficacy of switching from bevacizumab to 
ranibizumab or aflibercept in eyes with DME unresponsive 
to bevacizumab. Of the 40 patients included in the study 
56 eyes were analyzed.

The only difference between groups, among baseline 
characteristics, was the presence of more eyes without 
DRIL in the ranibizumab group which may explain the 
BCVA gain differences between groups, with only 
a statistically significant improvement in the ranibizumab 
group. Following the same pattern, more eyes had an 
increase of more than 15 letters in the ranibizumab group 
compared with the aflibercept group. Similar outcomes 
have been already described by Ashraf et al13 who 
reported that despite a significant CFT decrease after the 
switch to ranibizumab or aflibercept in eyes with DME 
refractory to bevacizumab, a significant improvement in 
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BCVA was observed only with ranibizumab but not with 
aflibercept. As it is already well established, there is an 
association between DRIL, increasing severity of diabetic 
retinopathy, and a poor VA outcome with treatment.23,24 In 
our cohort, the higher prevalence of baseline DRIL in the 
aflibercept group did not parallel a lower baseline visual 

acuity in comparison with the ranibizumab group. Until 
now, the influence of OCT biomarkers, such as DRIL, on 
functional outcomes with anti-VEGF therapy, has not been 
addressed in hallmark clinical trials such as protocol T.9

Protocol T, the only head-to-head study comparing the 
effect of the three anti-VEGFs in DME, corroborates these 

Table 1 Demographics, Pre-Baseline and Baseline Clinical Characteristics for the Whole Population and by Switch Group 
(Ranibizumab or Aflibercept)

Parameters Whole Population Sample 
(n=56)

Switch to Ranibizumab 
(n=33)

Switch to Aflibercept 
(n=23)

p-value*

Age in years, median (range, IQR) 67.0 (47.0–85.0, 11.0) 65.5 (47.0–85, 11.0) 69.0 (52.0–81.0, 14.0) 0.648

HT, n (%) 28 (77.8) 13 (65.0) 15 (93.8) 0.053

Dyslipidemia, n (%) 24 (66.7) 11 (55.0) 13 (81.2) 0.157

BMI, median (range, IQR) 27.8 (20.6–40.2, 5.1) 27.3 (20.6–35.0, 7.6) 27.9 (24.0–40.2, 10.0) 0.300

Type 2 DM, n (%) 39 (69.6) 24 (72.7) 15 (65.2) 0.400

DM duration in months, median (range, IQR) 16.0 (0.0–32.0, 10.0) 15.5 (0.0–31.0, 16.0) 18.0 (5.0–32.0, 8.0) 0.705

DME duration in months, median (range, IQR) 10.3 (0.0–48.0, 12.0) 8.5 (0.0–36.0, 9.0) 12.9 (1.0–48.0, 22.0) 0.842

PDR, n (%) 2 (3.6) 1 (3.0) 1 (4.3) 1.000

HbA1c in %, median (range, IQR) 7.9 (6.0–9.0, 3.0) 7.8 (6.0–8.8, 0.8) 7.9 (6.7–9.0, 2.3) 0.606

Phakic, n (%) 48 (85.7) 30 (90.9) 18 (78.3) 0.252

Pre-switch macular laser, n (%) 12 (21.8) 7 (21.9) 5 (21.7) 1.000

Pre-switch PRP laser, n (%) 14 (25.9) 11 (35.5) 3 (13.0) 0.115

Number of pre-switch beva injections, 

median (range, IQR)

3.0 (3.0–14.0, 3.0) 3.0 (3.0–14.0, 2.0) 4.0 (3.0–11.0, 3.0) 0.231

Pre-beva CFT in µm, median (range, IQR) 473.0 (320.0–808.0, 119.0) 483.0 (320.0–808.0, 78.0) 459.0 (332.0–644.0, 136.0) 0.191

Pre-switch CFT in µm, median (range, IQR) 468.5 (312.0–707.0, 131.0) 449.0 (312.0–707.0, 117.0) 473.0 (331.0–603.0, 153.0) 0.868

Pre-beva BCVA, median (range, IQR) 60.0 (3.0–80.0, 25.0) 60.0 (3.0–80.0, 20.0) 60.0 (10.0–80.0, 25.0) 0.712

Pre-switch BCVA, median (range, IQR) 65.0 (3.0–85.0, 25.0) 65.0 (3.0–85.0, 23.0) 61.0 (10.0–80.0, 27.0) 0.893

Time in months from last beva to first 

post-switch injection, median (range, IQR)

3.1 (1.0–9.0, 3.0) 3.0 (1.0–9.0, 3.0) 3.3 (1.0–8.0, 2.0) 0.434

Note: *p-value between ranibizumab and aflibercept groups. 
Abbreviations: IQR, interquartile range; DM, diabetes mellitus; HT, hypertension; BMI, body mass index; DME, diabetic macular edema; PDR, proliferative diabetic 
retinopathy; HbA1c, glycated hemoglobin; PRP, photocoagulation; beva, bevacizumab; CFT, central foveal thickness; BCVA, best-corrected visual acuity in ETDRS letters.

Table 2 OCT Parameters for the Whole Population and by Switch Group (Ranibizumab or Aflibercept)

OCT 
Parameters

Whole Population Sample 
(n=56)

Switch to Ranibizumab 
(n=33)

Switch to Aflibercept 
(n=23)

p-value*

SRF, n (%) 6 (10.7) 4 (12.1) 2 (8.7) 1.000
OPLd, n (%) 49 (87.5) 27 (81.8) 22 (95.7) 0.220

DRIL, n (%) 29 (51.8) 12 (36.4) 17 (73.9) 0.007

ELd, n (%) 27 (48.2) 13 (39.4) 14 (60.9) 0.174
ELMd, n (%) 24 (42.9) 11 (33.3) 13 (56.5) 0.105

ONL>INL, n (%) 29 (51.8) 17 (51.5) 12 (52.2) 1.000

HE, n (%) 36 (64.3) 19 (57.6) 17 (73.9) 0.264
>10 HRD, n (%) 53 (94.6) 30 (90.9) 23 (100.0) 0.261

ERMn, n (%) 17 (30.4) 11 (33.3) 6 (26.0) 0.734

VMA, n (%) 9 (16.1) 3 (9.1) 6 (26.1) 0.139

Note: *p-value between ranibizumab and aflibercept groups. 
Abbreviations: OCT, optical coherence tomography; SRF, subretinal fluid; OPLd, outer plexiform layer disruption; DRIL, disorganization of the retinal inner layers; ELd, 
ellipsoid layer disruption; ELMd, external limiting membrane disruption; ONL>INL, cysts in the outer nuclear layer more expressive than in the inner nuclear layer; HE, hard 
exudates; >10 HRD, more than 10 hyperreflective dots; ERMn, epiretinal membrane without inner retinal distortion; VMA, vitreomacular adhesion with at least 1/3 of 
vitreomacular detachment from the macular area.
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findings, although with a 0.3mg ranibizumab dose (which 
has not been tested against the 0.5mg dose under a PRN 
regimen). In the United States ranibizumab, 0.3mg is only 
approved for DME treatment in a monthly regimen and 
not in a PRN regimen.3 In fact, the Resolve Phase II study 
ended with a target average treatment dose of 0.47mg.25

Interestingly, and even using a possible suboptimal 
ranibizumab dose whilst using the recommended afliber-
cept dose, the 2 years results of protocol T have shown 
that there were no statistically significant differences 
between ranibizumab and aflibercept, regarding CFT 
decrease and BCVA improvement. On the contrary, 

Figure 2 Median central foveal thickness change between- and within- switch groups (ranibizumab or aflibercept) pre-bevacizumab, at the time of switch and 4 months after 
switch. *p<0.001 compared both to pre-bevacizumab and to switch (within-group).

Figure 3 Best-corrected visual acuity change between- and within- switch groups (ranibizumab or aflibercept) pre-bevacizumab, at the time of switch and 4 months after 
switch. *p<0.001 compared compared both to pre-bevacizumab and to switch (within-group).
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bevacizumab was less efficient in comparison with ranibi-
zumab and aflibercept in achieving a BCVA gain in 
patients with less than 69 letters at baseline and in redu-
cing macular edema (even in patients with a good baseline 
BCVA, >69 letters).9 Our results reinforce the conclusion 
of protocol T in as much as a sub-optimal response to 
bevacizumab was verified in patients with pre- 
bevacizumab low vision, <69 letters, and our study popu-
lation had a mean BCVA lower than 69 letters in both 
pre-bevacizumab and pre-switch time points.

Favoring our study design with early switch criteria is 
the post-hoc analysis of the DRCR.net Protocol I.26 

According to this study, and for patients with a sub- 
optimal visual response after the first 3 IV anti-VEGF 
injections, it may be appropriate to consider adjustments 
to the treatment regimen and an early switch to achieve the 
best functional outcomes. Eyes with sub-optimal early 
BCVA response (after 12 weeks with monthly IV ranibi-
zumab treatment) had poorer long-term visual outcomes 
than eyes with a pronounced early response.26

Following this line of reasoning, and although the 
average number of bevacizumab injections prior to switch-
ing (3–4) may be considered insufficient, it is possible that 
if patients had continued with bevacizumab treatment they 
might eventually improve. However, and in order to mini-
mize this possibility, only patients with ≤10% CFT 
decrease from the last two consecutive bevacizumab IV 
were considered for switching in our cohort. The same 
rationale was used for the post-switch follow-up period.

In addition, the majority of studies accept structural 
criteria on OCT rather than functional outcomes as rele-
vant for refractoriness. Although OCT may not be consid-
ered the best method to be used, it is still the most widely, 
reproducible and accessible method in real-world clinical 
practice. Moreover, a functional negative outcome is 
induced by previous structural retinal lesions such 
as DME.

The present study had limitations, such as its retro-
spective non-randomized nature, the small number of 
eyes, the absence of a control arm, the relatively short 
duration of follow-up, and the additional difficulty inher-
ent to the multifactorial nature of DME.

This study also has strengths: our results were achieved 
using the same baseline anatomical and visual selection 
inclusion criteria for both groups, and therefore there is no 
selection bias; it reinforces that other possible, yet unidenti-
fied, anatomical macular biomarkers may influence the func-
tional outcomes in response to different treatments. In our 

cohort, DRIL has emerged as an important biomarker to 
explore, but also other possible prognostic factors should be 
pursued, eg, macula vascularization profile through future, 
more accurate, and fully developed non-invasive imaging 
OCT technology such as OCT angiography (OCTA).

Conclusion
In persistent DME unresponsive or with incomplete 
response to bevacizumab, a significant anatomical and func-
tional improvement was observed with ranibizumab therapy. 
In the aflibercept group, the anatomical response was not 
followed by an improvement on BCVA after 4 months of 
switch. Novel biomarkers, other than visual acuity and CFT 
outcomes, should be pursued, to clarify these achievements 
and the real efficacy of each individual therapy.
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