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Abstract

Aim To compare the quality and stability of
unlicensed, repackaged bevacizumab
intended for intravitreal injection, as
provided by five licensed compounding
pharmacies in the United Kingdom, with
bevacizumab in its original glass vial.
Methods Repackaged bevacizumab was
obtained from five UK suppliers. Samples
were analyzed at two time points (day 1 and
day 14). Microflow imaging was performed to
evaluate subvisible particle size, particle
density, and particle size distribution. Protein
concentration, immunoglobulin G (IgG)
content, and molecular weight were also
determined.

Results A significant difference in
subvisible particle density was observed
between bevacizumab batches from the five
suppliers on day 1 (P<0.001). An increase in
subvisible particle density was observed
between day 1 and 14 for repackaged
bevacizumab from all suppliers (all P<0.05),
but not the reference compound. Protein
concentration, IgG content, and molecular
weight were comparable between batches
from each supplier and the reference
bevacizumab.

Discussion The study results indicate that
the quality of bevacizumab repackaged into
prefilled plastic syringes is variable among
the different compounding pharmacies in the
United Kingdom. Furthermore, particle
density may increase with storage in
repackaged syringes. It is noteworthy that
particle size distribution in both the
repackaged and reference bevacizumab fell
outside of the range specified by the United
States Pharmacopeia for injectable
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ophthalmic solutions. These data highlight
the need for further research into the use of
unlicensed, repackaged bevacizumab
intended for intravitreal injection.
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Introduction

Bevacizumab (Avastin (Genentech, South San
Francisco, CA, USA and Roche, Basel,
Switzerland)) is a full-length, 149 kDa,
humanized monoclonal antibody that inhibits
vascular endothelial growth factor (VEGF).
Bevacizumab is approved by the Food and
Drug Administration and European Medicines
Agency for the intravenous treatment of
metastatic colorectal cancer, non-small cell lung
cancer, metastatic renal cell cancer, and
glioblastoma.] However, it is often used
unlicensed as an intravitreal injection for the
treatment of wet age-related macular
degeneration (AMD), diabetic macular edema,
and macular edema following retinal vein
occlusion. When used for these indications,
bevacizumab is frequently repackaged from
large, glass vials into multiple, smaller,
single-use, plastic, prefilled syringes.

This is because repackaged bevacizumab is
notably less expensive than ranibizumab
(Lucentis (Novartis, Basel, Switzerland and
Genentech/Roche)), a humanized, monoclonal
anti-VEGF antigen-binding fragment (Fab,
48kDa) derived from the same original mouse
antibody as bevacizumab, but which is licensed
for the treatment of retinal diseases.?
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Several publications have suggested that unlicensed
intravitreal bevacizumab is efficacious in the treatment of
AMD,? and that it has a similar ocular safety profile to
ranibizumab.®® These publications include the 1- and
2-year reports from the comparison of AMD treatments
trials, a randomized, single-masked, non-inferiority trial
of intravitreal bevacizumab and ranibizumab in 1208
patients with wet AMD.>® However, there are increasing
reports of adverse events associated with intravitreal
injection of bevacizumab, including incidences of
intraocular sterile inflammation,'%1> infectious
endophthalmitis,'1® and elevated intraocular
pressure.!”?! Certain reported adverse events associated
with the intravitreal administration of bevacizumab may
be related either to the intrinsic properties of the
molecule and the manner in which it is manufactured, or
to deterioration in the quality of the drug as a
consequence of the repackaging into plastic syringes.

The pharmacopoeial standards for the manufacture of
intravitreal injections are different from those for
intravenous administration with respect to the amounts
of subvisible particles permitted; visible particles are not
permitted in intravenous or intravitreal preparations.
The United States Pharmacopeia (USP) manufacturing
requirements for intravenous drug formulations permit
higher subvisible particulate counts than that for

22,23

ophthalmic solutions.?#?> Particulate matter may cause
irritation and inflammation if injected into the eye.?0-28

There is very little information available on the quality
and stability of bevacizumab when repackaged for
intraocular administration. A few recent reports from the
United States have examined the quality of compounded
bevacizumab repackaged into plastic syringes for
intravitreal injection.?”?3 Changes in the
immunoglobulin G (IgG) content, the presence of silicone
oil microdroplets, and protein aggregation associated
with repackaging were reported.?>?3 Deterioration may
also be subject to the particular packaging used,?® and
reduced stability of repackaged bevacizumab may be
associated with duration of storage.?>?’ In addition to the
potential safety implications of these changes, the
efficacy of the drug may also be affected.??

In the United Kingdom, prefilled syringes of
bevacizumab are manufactured in approved Medicines
and Healthcare products Regulatory Agency
compounding units. However, the procedures for the
manufacturing and quality/stability tests for these
unlicensed repackaged products are not clear. The aims
of this study were to assess the quality and stability of
repackaged bevacizumab in prefilled plastic syringes
obtained from five compounding pharmacies in the
United Kingdom, and bevacizumab in its original glass
vial, to investigate changes in the quality of repackaged
bevacizumab over time, and to investigate the possible
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differences in the quality of bevacizumab batches
obtained from the same supplier and between different
suppliers. Possible bacterial and endotoxin
contamination of the samples was not investigated in this
study.

Materials and methods
Study design

The quality and stability of repackaged bevacizumab
from five UK compounding pharmacies (S1-S5) were
assessed at two time points, 14 days apart (day 1 and day
14), and compared with a control solution of
bevacizumab in its original glass vial. The parameters
measured in order to assess bevacizumab quality and
stability included subvisible particle size, particle density,
total protein content, IgG content, and molecular weight.

Bevacizumab formulations

Between two and five different batches of plastic syringes
containing bevacizumab, repackaged using standard
procedures were received from five UK suppliers
between 18 October and 30 November 2011. A sample of
bevacizumab in its original single-use glass vial was
received with the first batch of syringes and was used as
the reference compound. The reference bevacizumab
glass vial and repackaged bevacizumab syringes were
purchased through standard commercial channels by
Nottingham University. The samples were transported to
Newcastle University at 4 °C in appropriate temperature-
controlled vehicles by a commercial pharmaceutical
logistics company.

Experimental procedures

All samples were stored at 4 °C and evaluations were
performed on the day following receipt of the sample,
and within the set shelf-life of 90 days stipulated by the
suppliers of repackaged bevacizumab. Measurements
were performed at room temperature.

MFI: subvisible particles Microflow imaging (MFI) was
used to quantify aggregates and particulates. Particle size
and particle density/concentration were measured. For
each batch, samples pooled from the five plastic syringes
were diluted 30-fold with 0.2 um filtered bevacizumab
placebo (50 mmol/1 sodium phosphate, pH 6.25, 60 mg/
ml o,0-trehalose dihydrate, 0.4 mg/ml polysorbate 20)
replicating the product formulation, and injected into the
MFI flow cell (DPA 5100, ProteinSimple, Ottawa, ON,
Canada). Control measurements were calculated for the
reference solution of bevacizumab. Further analysis of
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particle size distribution was performed on all samples.
On the basis of a previous method developed for
classifying oil vs non-oil particles,® digital filtering of
particles >5 um diameter was carried out using the MFI
View Analysis Suite Filter Manager software
(ProteinSimple). Filters used were based on a
combination of three image parameters that allowed
silicone oil droplets to be distinguished from other
particles: equivalent circular diameter (>5 um),
circularity (>0.75 um), and aspect ratio (>0.90 um).

Protein content  Total protein content of the syringes and
reference bevacizumab was determined using the
Coomassie Plus (Bradford®') Assay Kit (Pierce/Thermo
Scientific, Rockford, IL, USA). Bevacizumab preparations
(25mg/ml) were diluted 1:40 in phosphate-buffered
saline (PBS) before addition of the assay reagent.
Absorbance was measured at 595 nm. Protein
concentrations were determined from a standard curve
prepared from a serial dilution of purified human IgG
(Pierce/Thermo Scientific). For each syringe,
bevacizumab protein content was determined based on
an average of triplicate samples.

Immunoglobulin content Total IgG concentrations were
determined using the Easy-Titer Human IgG (H+L)
Assay Kit (Pierce/Thermo Scientific). Bevacizumab
preparations were diluted 1:2 x 10° in PBS. Following
incubation with antibody-coated microspheres,
absorbance was measured at 405 nm. IgG concentrations
were determined from a standard curve prepared from a
serial dilution of purified human IgG. For each syringe,
IgG content was determined based on an average of
triplicate samples.

Polyacrylamide gel electrophoresis Protein molecular
weight was determined by SDS-polyacrylamide gel
electrophoresis (PAGE).3? Bevacizumab samples were
prepared in Laemmli SDS sample buffer, with or without
dithiothreitol as a reducing agent, and heated to 70 °C for
10 min before loading on a 10% SDS-polyacrylamide gel
using a Tris/Glycine running buffer. For each sample,

4 ug was loaded and gels were run for 30 min at 40 mA.
Gels were stained with Coomassie Blue R-250 (Sigma-
Aldrich, Gillingham, UK) and subsequently destained to
visualize protein bands.

Size-exclusion chromatography Levels of monomers and
soluble protein aggregates of bevacizumab in the
repackaged samples were determined by size-exclusion
high-performance liquid chromatography (SE-HPLC).
The samples were diluted to 500 ug/ml in PBS, and 100 yl
was injected onto a size-exclusion column (TSK-GEL
G3000SWxl, Supelco HPLC Columns, Sigma-Aldrich),
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previously equilibrated with PBS. Protein elution was
monitored at 280 nm with an ultraviolet absorbance
detector. Protein standards were used as size references.

Statistical analysis

Minitab statistical software (version 15.5; Coventry, UK)
was used for the statistical analysis of data. Data were
tested for normality. Data were analyzed using Student’s
t-test and analysis of variance as appropriate. A P-value
of <0.05 was considered statistically significant. Data are
presented as mean * SD, unless otherwise stated. For
comparison between suppliers, data from a representative
batch from each compounding pharmacy were used. More
than one batch was received from each supplier to allow for
comparisons between batches from the same supplier.

Results

In total, four batches of syringes were received from S1
and two batches were received from each of S2-S5
between 18 October and 30 November, 2011. Each batch
contained five syringes.

MFI: subvisible particles

A significant difference was observed in subvisible
particle density (particles/ml) on day 1 between
representative batches from the five suppliers (P <0.001;
Table 1). Similarly, significant differences were seen when
comparing particle density on day 1 with all of the
batches received from a single supplier (P <0.001 for all
suppliers, data not shown). There were significant
increases in subvisible particle density between day 1
and day 14 for repackaged bevacizumab from all of the
suppliers (all P<0.05), but not for the reference
bevacizumab (Table 1).

There were no significant differences in mean particle
size on day 1 between the representative batches from
the five suppliers; however, significant differences in
particle size were observed by day 14 (P <0.001; Table 2).
There was a significant decrease in mean particle size by
day 14 for the representative batch from S2 (P <0.05). In
contrast, an increase in mean particle size was observed
over this time for the batch from S3 (P <0.05; Table 2).

Analysis of the particle size distribution for all samples
(51-S5) and the reference bevacizumab revealed that, in
general, the number of subvisible particles between 10
and 24 um in size increased between days 1 and 14, with
the exception of the sample from 5S4 (Figure 1a). Similarly,
there was a general increase in the number of larger
subvisible particles (25-50 um), with the exception of the
sample from S2 (Figure 1b). It was also noted that visible
particles (>50 um) were present to varying degrees in



Table 1 Subvisible particle density (2-300 um) for representa-
tive samples from S1-S5

Supplier Day 1 Day 14 Day 1-14
Particles/ml ~ P? Particles/ml PP Pc
S1 14401 +£554 <0.001 41989+6477 NS <0.05
S2 13428 2025 35014 £ 3500 <0.05
S3 159880+ 11712 428632 + 22402 <0.05
S4 13282 + 2388 21847 £1257 <0.05
S5 14441 £ 1145 72933 + 6064 <0.05
Reference 11257 £512 11637 £1728 NS
bevacizumab

Values given are means * SD.

51-55, samples from suppliers S1-S5. P-values are based on a Student’s
t-test and analysis of variance.

?Comparison between representative batches from different suppliers at
day 1.

®Comparison between representative batches from different suppliers at
day 14.

“Comparison between measurements of a representative batch from a
single supplier at day 1 and day 14.

Table 2 Particle size for representative samples from S1-55

Supplier Day 1 Day 14 Day 1-14
Particle Particle size
size (um) P? (um) PP Pe
S1 35+03 NS 32%0.1 <0.001 NS
S2 36103 3.310.1 <0.05
S3 3410.1 35100 <0.05
S4 3.1+£03 29+0.1 NS
S5 3206 29+09 NS
Reference 34107 37104 NS
bevacizumab

Values given are means + SD.

51-S5, samples from suppliers 51-55. P-values are based on a Student’s
t-test and analysis of variance.

?Comparison between representative batches from different suppliers
at day 1.

® Comparison between representative batches from different suppliers
at day 14.

“Comparison between measurements of a representative batch from
a single supplier at day 1 and day 14.

samples from S1-S5 at days 1 and 14 (S1, 42 vs 21; S2, 0 vs
21; 53,21 vs 0; 54, 0 vs 21 and S5, 42 vs 84, mean particles/
ml at day 1 and day 14, respectively). Visible particles
were not detected in the reference bevacizumab at either
time points.

Application of digital filtering parameters identified
silicone-derived particles in all samples (51-S5),
including the reference bevacizumab, which accounted
for between 1.6 and 12.3% of all particles over 5 um
(Figure 1c). No significant change in the percentage of
silicone particles was observed between day 1 and day 14
for the bevacizumab reference sample or samples from
S1, S2, 54, and S5. A significant increase (P <0.001) in
silicone particles was observed between day 1 and day 14
for samples from S3 (day 1, 6.3% vs day 14, 12.3%;
Figure 1c).
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Figure 1 Subvisible particle size distribution for particles (a)
1024 ym and (b) 25-50 um, and (c) the percentage of total
particles that are silicone in all samples from each supplier (S1-
S5) and reference bevacizumab. S1-55, samples from suppliers
S1-S5. P-values are based on a Student’s t-test and analysis of
variance and compared measurements of a representative batch
from a single supplier at day 1 and day 14.

Protein concentration

Overall, when independently comparing the individual
samples of repackaged bevacizumab received from each
supplier (S1-S5) with the reference bevacizumab, protein
concentration was similar on day 1 and day 14 (Table 3).
However, in an analysis of representative batches
received from each supplier, there was a significant
difference in total protein concentration between batches
from all suppliers at day 1 (P <0.0001). This difference
was attributed to an anomaly as the representative batch
from one supplier (S1) demonstrated a lower protein
concentration at day 1 compared with the samples
obtained from S2-S5. There were no significant
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Table 3 Protein concentration in representative samples from
S1-S5

Supplier Day 1 Day 14

Protein (mg/ml) Protein (mg/ml)

S1 26.810.6 29.910.6
S2 28.8+0.7 299+0.7
S3 282113 29.8+1.1
S4 30.5£1.0 295+1.1
S5 294+1.1 29.6+0.8
Reference bevacizumab 28.6+1.3 28.7+2.1

Values given are means * SD.
51-S5, samples from suppliers S1-S5.

differences in protein concentration observed between
representative batches from the five suppliers at day 14.

Immunoglobulin content

The IgG content was similar in the repackaged
representative batches and the reference bevacizumab
sample on day 1 and day 14. Significant differences were
observed in IgG concentration between the different
batches received from S1 to S5 at day 1 (P <0.001; data not
shown). When IgG concentrations at day 1 were
determined for representative samples obtained from all
five suppliers, no significant differences between
suppliers were observed. There were no significant
inter-batch differences in IgG concentration between the
samples from each supplier, or the reference bevacizumab,
between day 1 and day 14 (data not shown).

Polyacrylamide gel electrophoresis

When repackaged bevacizumab from each of the five
suppliers and reference bevacizumab were analyzed
using SDS-PAGE, similar results were observed for each
sample at both time points. Under nonreducing
conditions, a band representing IgG was visible in each
of the samples at ~150kDa. When SDS-PAGE was
performed under reducing conditions (in the presence of
dithiothreitol), two bands were visible representing the
heavy (~55kDa) and light chains of IgG (~25kDa;
Figure 2).

Size-exclusion chromatography

There were no detectable differences in levels of
bevacizumab monomers or protein aggregates observed
between any of the samples obtained from the five
compounding pharmacies, or the reference bevacizumab,
when samples were compared using SE-HPLC at day 1
and day 14 (data not shown).

Eye

Discussion

There have been a number of reports of sterile
endophthalmitis after intravitreal injection of
compounded bevacizumab.!%-1315 This, combined with
further reports of infectious endophthalmitis, led to the
practice of repackaging bevacizumab from sterile glass
vials into plastic syringes being brought into
question.>33 The present study was designed to
investigate the quality and stability of repackaged
bevacizumab obtained from five licensed compounding
pharmacies in the United Kingdom, compared with the
drug in its original glass vial, over a period of 14 days,
and to assess the possible differences in the quality of
bevacizumab between different batches from the same
supplier and between the different suppliers.

The results of this study demonstrated that there were
overall differences in the composition of repackaged
bevacizumab obtained from the five UK compounding
pharmacies, and between repackaged and reference
bevacizumab. When assessing the quality of repackaged
bevacizumab compared with the reference bevacizumab
in its original vial, the results of MFI, and changes in
subvisible particle size distribution, were of particular
note. Significant differences in subvisible particle density
were observed between representative samples from the
five suppliers at day 1 and day 14, indicating that
repackaged bevacizumab from different compounding
pharmacies may differ in composition and quality.
Furthermore, when batches received from the individual
suppliers were examined independently on day 1,
significant differences were observed in subvisible
particle density, suggesting that even bevacizumab
repackaged into syringes from the same original vial by
the same pharmacy can demonstrate marked variation in
the quality and composition. The compounded
bevacizumab from each of the five suppliers
demonstrated a significant increase in subvisible particle
density over time, an increase that was not observed for
the reference bevacizumab. Analysis of the particle size
distribution for all samples (S1-55) revealed that the
number of medium (10-24 ym) and larger (25-50 um)
particles generally increased over the study period. It
was noted that, in several of the samples for which
particle size distribution analyses were performed,
particulates >50 um (visible) were detected.
Interestingly, there was no significant change in the
proportion of these particles identified as silicone oil
droplets over the study period in the majority of samples
or the reference bevacizumab sample, indicating that
silicone oil was not the source of the significant increase
in particulate matter in these samples over the 14 days.
The variations in particle numbers between samples may
be related to the detailed compounding process,
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Figure 2 SDS-PAGE samples from S1-S5 and reference bevacizumab (B), (a) in the presence of dithiothreitol, and (b) under
nonreducing conditions. HC, heavy chain; LC, light chain; B, reference bevacizumab; S1-S5, samples from suppliers S1-55; SDS-PAGE,

SDS-polyacrylamide gel electrophoresis.

repackaging, or to the different types of plastic syringe
and closures used by each compounding pharmacy.

It is noteworthy that particle size distribution for all of
the samples and the reference bevacizumab fell outside
of the acceptable USP standard range for ophthalmic
injectable products? at both day 1 and day 14. This
demonstrated that, even in its original packaging,
bevacizumab does not conform to the limits for
ophthalmic solutions. Supporting the observations of Liu
et al,?? a wide range of particle counts were observed
between repackaged bevacizumab from different
compounding pharmacies. There were ~ 14 times more
subvisible particles found at day 1 in the sample from S3
than the reference bevacizumab, whereas the sample
from S2 contained a similar number of particles to the
reference compound. This further indicates the potential
for variation in repackaged bevacizumab. Interestingly,
the particle count for the reference bevacizumab in the
current study was less than that observed in a similar
study by Liu et al.?2 It was further observed that the
highest subvisible particle count was for the sample with
the oldest shelf-life at the time of testing (S3: day 1, 69
days; day 14, 83 days), although this was still within the
shelf-life of 90 days. This sample also displayed a
significant increase in silicone oil droplets over the study
time period. The implication of this result is unclear from
this single analysis. It is acknowledged that the
subvisible particle testing technique performed in this
analysis is not as stipulated by the USP; however, the
MFI technique has been well described previously, and
is frequently used within the pharmaceutical industry to
examine particle contamination in therapeutic protein
products.

Data from previous studies suggest that subvisible and
visible particulates may be silicone 0il,?>?® particulate

matter from the syringes and syringe closures,?

result of protein aggregation.?33* The lack of significant
difference observed in the silicone oil levels, SE-HPLC,
and SDS-PAGE between samples from the five suppliers
or the reference bevacizumab suggests that the increase
in particle counts was not due to irreversibly bound
protein aggregates or silicone oil droplets. It is more

or a

likely due to reversible protein aggregation or the
presence of non-protein particulates. However, as
suggested by Kahook et al,?® size-exclusion
chromatography and PAGE are unlikely to demonstrate
sufficient sensitivity to detect these particles.

Further investigations are necessary to repeat these
analyses and to characterize the particulates found
within the prefilled syringes.

The increase in particulate matter observed over time
in the repackaged bevacizumab may have implications
for the safety profile of this unlicensed formulation,
especially when used for intravitreal injection after
compounding and storage. Particulate matter may be a
contributing factor in some of the recent reports of
clusters of intraocular inflammation after intravitreal
injection of bevacizumab for the treatment of AMD.

Licensed ranibizumab and pegaptanib for intravitreal
injection have been assessed for product quality and
stability over their 3-year shelf lives, are approved
by US and European regulatory authorities, and meet
all required pharmaceutical standards and
recommendations for use. In contrast, repackaged,
unlicensed bevacizumab in plastic, prefilled syringes are
not currently similarly assessed. The results of our study
indicate that the quality of bevacizumab supplied in
prefilled plastic syringes for intravitreal injection may be
affected over time. The observed increase in particulate
matter in these samples of repackaged bevacizumab does

Eye
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not support the suggested 3-month stability. Further
studies are needed to ascertain the full extent of any
deterioration in the quality and stability of the product
during the stipulated shelf-life of 90 days.

The data presented in this study support those from
other similar studies of repackaged bevacizumab,?? and
highlight the need for further research into the quality
and stability of unlicensed bevacizumab for intravitreal
injection.

Summary

What was known before
® Previous studies have revealed that the compounding of

bevacizumab for the treatment of neovascular AMD
changes the IgG content and causes protein aggregate
formation in the formulation. The repackaging process
also introduces silicone oil microdroplets into the
formulation. The impact of storage on the quality of
compounded bevacizumab has not been determined.

What this study adds
® The study results indicate that the quality of

bevacizumab repackaged into prefilled plastic syringes is
variable among the different compounding pharmacies
in the United Kingdom. Prevalence of silicone droplets
do not generally appear to change over time. However,
particle density may increase with storage in repackaged
bevacizumab.
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