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Outcomes of three intravitreal injections of bevacizumab given monthly for diabetic macular oedema is a viable treatment for an economically disadvantaged population
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Abstract

Background: The treatment of diabetic macular oedema (DMO) by intravitreal injection (IVI) of approved anti-vascular endothelial growth factor (VEGF) is costly and hence off label use of bevacizumab is practiced in spite of concerns about its safety.

Aim: To examine the effect of three IVI of bevacizumab given monthly, on best corrected visual acuity (BCVA) and central foveal thickness (CFT) of eyes with DMO.

Setting: Charity hospital attached to a medical college in India.

Methods: Patients with centre involving DMO with BCVA ≤ 6/9 and CFT ≥ 260 microns were recruited prospectively, and three IVI bevacizumab given monthly (from a common vial). At four months BCVA and CFT were assessed and compared with baseline data. Side effects, if any, were recorded. Best corrected visual acuity was converted to logMAR units for statistical analysis. Student’s t-test were conducted to see statistically significant changes in BCVA and CFT.

Results: A total of 50 eyes of 38 patients received three monthly IVI bevacizumab. Best corrected visual acuity (logMAR) improved from baseline mean of 0.80 ± 0.49 to final mean of 0.51 ± 0.36, which was significant (p = 0.0001). The mean baseline CFT (μm) improved from 448.40 ± 149.47 to 368.76 ± 131.49, which was significant (p = 0.0001). No cases of endophthalmitis were reported. Various factors such as diabetes duration and HbA1c (hemoglobinA1c) value were not found to be significant for the improvement in BCVA and CFT.

Conclusion: Intravitreal injection bevacizumab given as three monthly injections was safe, economical and effective in the management of DMO.
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Introduction

Diabetic macular oedema (DMO) is the most common cause of visual impairment amongst diabetic patients.1,2 The treatment of DMO has evolved over time as our understanding of the pathogenesis of DMO has increased. The demonstration of higher levels of vascular endothelial growth factor (VEGF) in the vitreous samples of eyes with DMO prompted the use of intravitreal injection (IVI) of anti VEGF agents to treat DMO.3

Ranibizumab (Lucentis, Genentech, Inc., United States [US]) is an antibody fragment of humanised monoclonal antibody to VEGF, and its efficacy in the treatment of DMO was demonstrated in randomised clinical trials.4 Hence, its use was approved by the United States Food and Drug Administration (FDA) for the treatment of DMO.

Because of the high cost of ranibizumab, many clinicians have used IVI of bevacizumab (Avastin; Genentech, US), a full length humanised monoclonal antibody to VEGF, to treat DMO, although it is not approved by FDA for intravitreal use.5

Randomised clinical trials have demonstrated efficacy and safety of off label use of bevacizumab in the treatment of DMO and its non-inferiority to IVI of ranibizumab.6,7

However, preparation of multiple aliquots or repeated withdrawal of bevacizumab from a 4 mL vial is subjected to risk of contamination and clusters of endophthalmitis because of IVI bevacizumab have been reported.8,9

However, as one vial of ranibizumab costs nearly INR22 000.00 (Indian rupee) (equivalent to $297.00) in India compared with INR1500.00 (equivalent to $19.00) for one dose of bevacizumab drawn from a multi-dose vial, it has economical advantage in countries such as India where most patients are not able to afford ranibizumab. In the United States, it is reported that one dose of ranibizumab costs $1543.00 compared with $43.00 for one dose of bevacizumab.10

Bevacizumab is the most commonly used anti VEGF for the treatment of DMO and other retinal vascular disorders such as neovascular age related macular degeneration (NAMD), macular oedema because of retinal vein occlusions and myopic choroidal neovascular membranes in our institute because of economic reasons. In this study, we report the efficacy and safety of three IVI of bevacizumab given monthly for the treatment of DMO and its effect on central foveal thickness (CFT) as measured by optical coherence tomography (OCT).

Methods

This was a single centre, prospective, non-comparative and interventional study conducted in the Department of Ophthalmology of Karnataka Lingayat Education Society (KLES) Dr. Prabhakar Kore Hospital and Medical Research Centre, a multi-specialty hospital based in a rural area of southern India. This is a teaching hospital attached to Jawaharlal Nehru Medical College, KLE (Karnataka Lingayat Education Society) Academy of Higher Education and Research, Belagavi, Karnataka, India.

Patients for the study were prospectively recruited from those diabetic patients attending the out-patient eye clinic of our hospital. The criteria for inclusion were patients with type II diabetes mellitus (DM) aged between 25 years and 75 years who were able to give informed consent for the study and were having centre involving DMO with best corrected visual acuity (BCVA) of 6/9 or worse and CFT of ≥ 260 μm on spectral domain optical coherence tomography (SDOCT) (3D OCT-1 Maestro, Topcon Corp., Japan).

Exclusion criteria were patients with active ocular infections, previous history of IVI of anti VEGF in the last 4 months or IVI of steroids in the last 6 months, history of focal or grid laser for DMO or panretinal photocoagulation (PRPC) in the last 4 months or pars plana vitrectomy in the eye affected, glaucoma or ocular hypertension on more than two topical anti-glaucoma medications, advanced proliferative diabetic retinopathy (PDR), vitreo-macular traction or presence of fibrovascular membranes, significant media opacity, recent stroke or myocardial infarction and pregnancy. The study duration was of one year from January 2019 to December 2019.

Informed consent was obtained from all the participating patients and the ethical committee of the institution gave the permission to conduct the study. The study followed the guidelines of the Declaration of the Helsinki Principles.

The name, age, sex, addresses and contact details of the recruited patients were recorded. A detailed medical history with particular reference to the type of diabetes mellitus (DM) and its duration, treatment for DM, history of hypertension, ischemic heart disease, stroke, renal involvement and other morbidities were noticed. A detailed ocular history was taken to note duration of visual deterioration, affected eye and history of treatment including any ocular surgery.

All the recruited patients underwent detailed ocular examination that included assessment of BCVA on the Snellen chart, slit lamp biomicroscopic examination with particular attention to detect neovascularisation of the iris and observing the status of the lens, measurement of intraocular pressure by Goldmann applanation tonometry and detailed fundus examination. Diabetic retinopathy (DR) was classified on the basis of fundus examination and according to the Early Treatment of Diabetic Retinopathy Study (ETDRS) guidelines.11

The presence of DMO and if it involved the macular centre were assessed. All the recruited patients underwent OCT examination with spectral domain OCT using macular scan and line scan programmes after pupillary dilatation. The CFT was the mean thickness of the innermost circle of 1 mm diameter in the macular scan, which was recorded.

The patients who were eligible for the study received the IVI of bevacizumab within 10 days of recruitment. All IVI procedures were carried out in the operating theatre. The eye to be injected was dilated with commercially available preparation of tropicamide 0.8% with phenylephrine 5% instilled twice at 15 min interval. The surgeon always scrubbed and wore sterile gloves for the procedure. In the operation theatre, topical proparacaine hydrochloride 0.5% and povidone iodine 5% were instilled in the eye alternately for three times at 2 min interval. The circulating nurse brought the bevacizumab vial stored in the refrigerator and cleaned the rubber cap with povidone iodine 10% and alcohol swab 70% and held it for withdrawal. The surgeon withdrew 0.1 mL of the drug in a single use sterile 31 g BD (bis in die [twice daily]) U-100 insulin syringes (BD Medical-Diabetes care, United States of America) and adjusted the dose to 0.05 mL.

If there were more than one patient, then that many numbers of syringes were loaded taking care to clean the rubber cap of the vial each time with povidone iodine 10% and alcohol swab 70%. The loaded syringes were kept on a sterile tray. After withdrawal of the drug in required number of syringes, the rubber cap of the bevacizumab vial was again cleaned with povidone iodine 10% and alcohol swab 70% and kept in the refrigerator. In this way, the vial was used for up to a total of 20 withdrawals and then discarded. Usually this happened within 30 days.

The procedure of injection was as follows. The eye was painted with povidone iodine 10% and draped. A sterile speculum was inserted, and a sterile cotton bud soaked in proparacaine hydrochloride 0.5% was held at injection site for 30 s followed by cotton bud soaked in povidone iodine 5% was applied at the injection site. Then, the 0.05 mL bevacizumab containing 1.25 mg of the drug injected through the pars plana at a distance of 3.5 mm in pseudophakic or aphakic eyes and 4 mm in phakic eyes, respectively. A sterile caliper was used to mark the distance at which injection was to be made. The injection was given in the supero-temporal quadrant in all the cases.

After the injection, the site of injection was held pressed for 30 s with a cotton bud and the globe was checked for hardness and then a drop of povidone iodine 5% was instilled and the eye was patched for 4 h. No post-operative topical or systemic antibiotics were prescribed, and the patient was reviewed after 1 week and then 4 weeks after the injection. Patients were instructed to report earlier if they experienced any pain or diminished vision. Patient was scheduled for the next injection usually at 28–35 days’ time after the last injection.

Patients underwent a thorough ocular examination at the visit after one month of each injection and ocular examinations were carried out as described here. Special care was taken to detect rise in intraocular pressure (IOP), signs of anterior chamber activity, vitritis, injury to the lens, retinal tears, retinal detachment or vitreous haemorrhage. All patients received three injections at monthly intervals and at the end of one month after the last injection, complete ocular examination with BCVA, IOP and OCT examination was performed. The CFT was recorded from macular scan.

Statistical analysis

The data were entered in an Excel sheet and Snellen visual acuity was converted into logarithm of the minimum angle of resolution (logMAR) units for statistical analysis. The main outcomes studied were the difference between (1) initial and final BCVA (2) initial and final CFT and (3) initial and final IOP. The statistical analysis was carried out with student’s t-tests using the Statistical Package for Social Sciences (SPSS) software version 20.0 (SPSS Inc., United States [US]). We also examined if any variable was significant for improvement of BCVA by two (2) Snellen lines or more and reduction in CFT by 50 μm or more. P-value of less than 0.05 was regarded as significant.

Ethical considerations

Approval to conduct the study was received from Jawaharlal Nehru Medical College Institutional Ethics Committee on Human Subjects Research, Jawaharlal Nehru Medical College, Belagavi (MDC/DOME/66).

Results

A total of 50 eyes of 38 patients were eligible to be included in the study as they had completed three IVI at monthly intervals and follow up of 4 months. There were 31 males (81.6%) and the average age of the patients was 61.1 years (range 38–75 years, standard deviation [SD] 9.0). A total of 12 patients who had bilateral DMO, received IVI in both eyes and 26 patients received IVI in only one eye.

All patients were suffering from type 2 DM and the mean duration of diabetes was 12.35 ± 7.6 years (range: 7 months to 30 years). A total of 23 patients (60.5%) were on oral hypoglycemic agents, 6 (15.8%) on insulin therapy and 9 (23.7%) patients were receiving both insulin and oral hypoglycemic agents for their diabetes. The control of DM in our cohort was unsatisfactory as seen in average HbA1c of 8.81% ± 1.04 (range: 7–11.4). Many patients had systemic comorbidities such as hypertension in 20 (52.6%), hypercholesterolemia in nine (23.7%) and nephropathy in six (15.8%). A total of 11 patients (28.9%) were smokers.

The ocular features in the 50 eyes included pseudophakia in 13, phakic in 37, glaucoma on medication in one eye and history of pan retinal photocoagulation more than 4 months ago in nine (18%) eyes. The diagnosis of DR was mild non-proliferative DR (NPDR) in one eye, moderate NPDR in eight eyes, severe NPDR in 19 eyes and with past pan retinal photocoagulation in nine eyes (bilateral in three patients) and non-high risk characteristic PDR in 13 eyes.

There were various systemic comorbidities observed in 38 patients of the cohort (Table 1).
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The average baseline BCVA and final BCVA were 0.80 ± 0.48 logMAR (range: 0.17–1.77) and 0.50 ± 0.36 logMAR (range: 0.17–1.47), respectively, and the difference was statistically significant (p = 0.0001). Similarly, the average baseline CFT and the final CFT were 449.4 ± 148.1 μm (range: 275–925) and 368.8 ± 131.5 μm, respectively, and the difference was statistically significant (p = 0.0001) (Table 2). There was no significant difference between initial and final average IOP of the 50 eyes (Table 2).
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A total of 19 (38%) eyes improved vision by two or more lines and one-line improvement was seen in 30 (60%) eyes. One eye did not show any improvement after three injections and none had worsening of the vision.

We wanted to see the role of variables such as age, sex, duration of DM, level of initial HBA1c and the presence of comoribities in improvement in BCVA by two or more lines and reduction of CFT by 50 μm or more. However, the univariate analysis did not show any variable to be significant for improvement of BCVA by two or more lines or reduction in CFT of 50 μm or more.

Complications included subconjunctival haemorrhage in seven eyes (14%), corneal epithelial defect in two eyes (4%) and anterior chamber reaction of grade 2 in one eye (2%). All complications were conservatively managed and they did not have any effect on visual acuity. None of the patients had lens injury, retinal detachment, vitreous haemorrhage, endophthalmitis or retinal tears. No systemic adverse effects were reported by the patients.

Discussion

India has a very high rate of DM amongst adults aged 20 years and above with the second highest number of cases of DM in the world and a projected number of 101 million cases of DM by the year 2030.12

With increasing number of diabetic population, the vision threatening complications of DR such as DMO and PDR will cause economic burden on the society. Hence, it is important to explore economical and effective treatment strategies for vision threatening complications of DR. In this context our study shows the safety and efficacy of three IVI of bevacizumab given monthly in cases of DMO with selection criteria of the study.

The treatment of DMO has evolved over time according to evidence-based medicine. Early Treatment of DR Study showed in a randomised clinical trial that, focal or grid laser photocoagulation was superior to observation only, in cases with clinically significant macular oedema.13

In the early 2000s, studies showed that IVI of triamcinolone acetonide was effective in treating DMO and was comparable to laser photocoagulation therapy.14,15

However, soon it was realised that intravitreal triamcinolone acetonide injection was not superior in terms of visual results and also led to complications of increased IOP and development of cataract in significant number of patients needing medical or surgical intervention.16

The interest in anti VEGF agents as modalities of treatment for DMO led to randomised controlled studies that showed an anti VEGF drug ranibizumab was better than sham injections in the treatment of DMO.4 A Diabetic Retinopathy Clinical Research (DRCR) Network study demonstrated that prompt treatment of DMO with IVI of ranibizumab was better than laser photocoagulation (Protocol I study).17

Many investigators reported off label use of IVI of bevacizumab in place of ranibizumab for the treatment of DMO and validated its efficacy with or without comparison to laser treatment.6,18 The off label use of bevacizumab for IVI in cases of DMO is routinely practiced the world over.

A new anti VEGF known as aflibercept (Eylea, Regeneron, United States of America), which acts as VEGF trap was investigated for its efficacy in DMO and was shown to be effective in the treatment of DMO.19

A DRCR network conducted study compared the efficacy of ranibizumab, aflibercept and bevacizumab for the treatment of centre involving DMO and reported that, at the end of two years, the three anti VEGF drugs were similar in terms of visual gains in eyes with good initial visual acuity.7 However, in eyes with poor initial vision (20/50 or worse), only aflibercept and not ranibizumab was better than bevacizumab in terms of visual gains at the end of two years.7 The analysis of costs involved and the visual acuity gains made by the three anti VEGF drugs in the given study showed that both ranibizumab and aflibercept were not cost-effective compared with bevacizumab in the treatment of DMO.20

Our study clearly shows that monthly IVI of bevacizumab for 3 months is a good economic treatment for DMO in our population.

Our cohort had male preponderance (81.6%), which is higher than that observed in studies by Vyas et al.21 Some studies have shown that males are more prone to develop DMO than females.22 In our study it could be because of inaccessibility of diabetic care for women of our rural region because of social, economic or logistic factors.

Many cases of our cohort were having comorbidities such as hypertension, nephropathy and hypercholesterolemia, which have been shown to increase the risk of DMO.22

The improvement in visual acuity and reduction in CFT were statistically significant at the end of 4 months from recruitment after three IVI of bevacizumab in our study. All the patients except one showed improvement of at least one line of Snellen acuity in our study. Bevacizumab or laser therapy (BOLT) study, which had administered 3–9 IVI of bevacizumab also observed significant improvement of visual acuity and reduction in CFT.23 Solaiman et al. who used an average of 3.3 IVI of bevacizumab also reported similar results.24 Our study showed outcomes similar to several studies (Table 3).
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Diabetic macular oedema is unfortunately a chronic disease and tends to recur in many patients after stopping treatment with IVI of any anti VEGF. Patients who receive more number of IVI in the first year of treatment improve visual acuity significantly.4

The Protocol-T 5 year follow up study which showed that the initial visual acuity gains are partially lost after the frequency of IVI of anti VEGF was reduced between third and fifth year of the follow up study. It is pertinent to note that patients received more than 10 injections in the first year of clinical trials.4,29

However, it is difficult to emulate the protocols of clinical trials in real life scenario. In India, it is much more difficult with IVI of ranibizumab and aflibercept because of their cost. In a study of patients who did not adhere to regimen of IVI of anti VEGF, it was shown that non-affordability and poor response to treatment were the main reasons.30

So, in such circumstances, treatment of DMO with IVI of bevacizumab is the best option for economically disadvantaged populations.

The safety of multiple withdrawals of bevacizumab from the same vial is a concern as contamination can occur and lead to cases of endophthalmitis. However, many authors have shown that the rate of endophthalmitis is low with this method.31,32 The rate of endophthalmitis after IVI of anti VEGF can vary from 0.01% to 0.41%.31,32,33,34,35,36

Fintak et al. and Shah et al. did not find any difference in rates of endophthalmitis between bevacizumab and ranibizumab.37,38

However, risks of contamination resulting in clusters of endophthalmitis in cases of withdrawal of bevacizumab from the same vial have been reported.9 In the United States, the aliquots of bevacizumab are prepared by pharmacy according to guidelines of US Pharmacopeia.39

But in spite of such strict adherence, clusters of endophthalmitis have occurred in United States because of contamination in the pharmacy. Also, the facilities of compounding bevacizumab in separate syringes in the pharmacy are not available in most areas of India. Hence, it is very important to follow strict aseptic methods, including cleaning of the rubber cap of the vial with povidone iodine 10% and alcohol swab 70% as followed in our study.

Shortcomings of our study are the small number of cases, short period of follow up and no comparative samples. However, most of the studies involving bevacizumab have small number of cases.21,23,24,25,26

Conclusion

Our study shows that three IVI of bevacizumab given monthly is effective in treatment of DMO. All except one showed improvement in BCVA at the end of 4 months. Most of the patients showed reduction in CFT indicating the effectiveness of IVI of bevacizumab. We did not encounter any serious side effects in our study.
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TABLE 1: Various systemic comorbidities.

Comorbi Present Present Absent Absent
n % n %
Hypertension 20 526 18 47.4
Anticoagulant therapy 4 105 34 89.5
Hypercholesterolemia 9 237 29 76.3
Nephropathy 6 15.8 32 84.2
Smoking 11 289 27 711

Note: Percentage of comorbi 8 patients).





OPS/AVEH-80-618-T3.jpg
TABLE 3: Comparison between studies similar to the present study.

Serial no. Study No. of eyes No. of IVI Mean baseline Mean final 4 Mean baseline Mean Final 4
BCVA (logMAR)  BCVA (logMAR) CFT (um) CFT (um)

1 Aksoy et al.>* 20 6 0.68 £0.25 0.59+0.25 0.001* 514 £ 100 430+88 0.001*
2 Solaiman et al.** 22 33 0.60+15 0.40+16 >0.050 465 + 32 243 +87 <0.050*
3 Seoetal.® 30 >1 0.73+£0.36 0.61+0.40 0.006 498.96 +123.99  421.40+192.76 0.035*
4 Haritoglou et al.”” 51 >2 0.86+0.38 0.84+0.41 >0.050 501+163 377117 0.001*
5 BOLT study? 42 2B 0.60+15 0.44+15 0.019* 507 + 145 378 +134 <0.001*
6 Protocol-T” 92 16 (12-20) 0.60+15 030+15 = 471+153 282 +102 =

7 Vyas et al.”* 52 2.78 0.80 0.63 <0.001* 449.03 326.51 <0.001*
8 Arevalo et al.”® 78 1-3 0.87 0.6 <0.0001* 387.0 +182.8 275.7 +108.3 <0.0001*

IVI, intravitreal injection; BCVA, best corrected visual acuity; CFT, central foveal thickness; logMAR, logarithm of the minimum angle of resolution.

% »<0.05.
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TABLE 2: Comparison of initial and final best corrected visual acuity, central foveal thickness and intraocular pressure by dependent t-tests.

Parameters Mean sD Mean difference SD difference  Percentage of change Paired »
BCVA

Initial 0.80 049 029 021 36.09 96104 0.0001*
Final 051 036 - - - - -
CFT (um)

Initial 448.40 149.47 79.64 69.21 17.76 8.1369 0.0001*
Final 368.76 131.49 - - - - -
IOP (mmHg)

Initial 15.68 276 025 266 161 06701 05060
Final 15.43 261 - - - - -

SD, standard deviation; BCVA, best corrected visual acuity; CFT, central foveal thickness; IOP, intraocular pressure.

% p<0.05.





