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Stability of the trastuzumab biosimilar ABP 980
compared to reference product after intravenous
bag preparation, transport and storage at various

temperatures, concentrations and stress conditions

Shon Crampton’, BA; Alla Polozova'’, PhD; Darin Asbury?, BS; Alexis Lueras?, BS; Paul Breslin', BS;
Jane Hippenmeyer’, PharmD; Jennifer Litowski', PhD; Monica Goss?, PhD

Study objectives: To investigate the quality and in-use stability of diluted ABP 980 (a trastuzumab biosimilar) versus reference trastu-
zumab to mimic dosing in intravenous (IV) bags, transportation and extended storage prior to infusion.

Methods: Low dose (70 mg; 0.3 mg/mL) and high dose (1,200 mg; 3.8 mg/mL) ABP 980 and reference trastuzumab solutions were
prepared, light-protected and subjected to transportation simulation and storage (2°C-8°C or 30°C for 5 weeks, followed by 48 hours
at 30°C). Stability was assessed pre- and post-transport; at Weeks 1, 2, 4, and 5; at Week 5 after 48 hours at 30°C; and pre- and post-
infusion using an infusion pump.

Results: Across doses and temperatures, there was little change in high molecular weight species and no detectable loss in purity.
Following storage, visible particles (> 125 pm) were intermittently observed for both products, with increased subvisible particles
detected with low doses. Extended storage at 2°C-8°C did not lead to any significant loss in the active molecule, with consistent bio-
logical potency across doses and temperatures for both products. Higher-dose dilutions maintained pH closer to the initial formula-
tion specifications.

Discussion: This study examined the impact of dilution, transport and extended storage at different temperatures on the stability of
ABP 980 and reference trastuzumab. No major differences between the two products were observed.

Conclusion: Across storage temperatures, multiple stability-indicating assays demonstrated no clinically meaningful impact to prod-
uct quality and stability for both ABP 980 and reference trastuzumab, which provides assurance that ABP 980 retains stability and

activity over extended storage periods.
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Introduction/Study Objectives

In September 1998, trastuzumab (Herceptin®) received US Food
and Drug Administration (FDA) approval for the treatment of
human epidermal growth factor receptor 2 (HER2)-positive
metastatic breast cancer (BC), making it one of the first available
targeted biological therapies [1]. This was followed by approval
of trastuzumab by the European Medicines Agency (EMA) in
August 2000 [2]. Trastuzumab, a recombinant humanized immu-
noglobulin G1 (IgG1) monoclonal antibody, targets the HER2
extracellular juxtamembrane domain, inhibiting HER2-depen-
dent tumour proliferation and survival [3]. Since its original
approval in 1998, the licensed indication of trastuzumab has
expanded and now also includes HER2-positive early BC (eBC)
and HER2-positive metastatic gastric or gastroesophageal junc-
tion adenocarcinoma (mGC). The impact of trastuzumab upon
patients’ lives has been profound, and in addition, its devel-
opment has highlighted the importance of categorizing cancer
according to its biological subtype. Unsurprisingly, with the
patent expiry of trastuzumab, several trastuzumab biosimilars
have been developed and approved, based upon the totality
of evidence required to demonstrate biosimilarity [4]. As part of
this evidence, a comparative clinical study is needed to confirm
biosimilarity in a setting which is clinically relevant, has measur-
able endpoints, and can detect differences between treatments,

if any exist [5].

ABP 980 (KANJINTI™, Amgen Inc) is a trastuzumab biosimilar,
which was approved for the treatment of HER2-positive early
(neoadjuvant and adjuvant) and metastatic BC, and HER2 positive
mGC by the EMA in March 2018 and by the FDA in June 2019 (6, 71.
Comprehensive physicochemical and functional characteriza-
tion of ABP 980 was performed through a range of comple-
mentary analytical techniques [8]. Physicochemical comparisons
included an assessment of structural features relating to its pri-
mary and higher-order structure, which showed that ABP 980
has the same amino acid sequence and similar post-translational
modifications, product-related variants, and protein content as
reference trastuzumab. The functional similarity of ABP 980 to
reference trastuzumab was demonstrated using several in vitro
binding and cell-based functional assays. These data showed
that ABP 980 has similar HER2 kinetic binding properties and
biological potency to reference trastuzumab [8]. In addition,
ABP 980 has been found to have equivalent pharmacokinetics,
safety and tolerability in healthy males [9]. Both trastuzumab
and ABP 980 are produced using recombinant DNA technology
in Chinese hamster ovary (CHO) cells [10, 11].

Neoadjuvant BC represents a sensitive setting for establishing
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biosimilarity, with the possibility to assess pathologic complete
response rates. The opportunity to continue with long-term
monotherapy in the adjuvant setting is also well suited for assess-
ing biosimilarity. This setting was chosen for the phase III LILAC
trial, which evaluated the clinical safety and efficacy of ABP 980
versus reference trastuzumab in women with HER2-positive eBC
[12]. Efficacy was found to be similar for the two agents in terms
of pathological complete response rates; there were also compa-
rable rates of grade > 3 adverse events in these treatment groups
during the neoadjuvant and adjuvant phases of the study [12].
These LILAC study data were used to extrapolate the efficacy of
ABP 980 across all reference trastuzumab indications [7].

In many countries, centralized pharmacies often prepare antican-
cer drug solutions, which are then transported to clinical sites for
administration to patients. The logistics of centralized pharmacy
requires holding the prepared solutions for longer durations than
those currently recommended in product labels, as well as poten-
tially requiring transportation to remote sites [13]. In order to
ensure that they retain their ‘physical, chemical, microbiological
and biological properties within specified limits’ [13], the ‘in-use’
stability assessment of anticancer drugs during their preparation,
storage, transportation and administration is important. Stability
studies carried out during drug development are designed to
fulfil licensing label requirements and are often limited to
24 hours, even though chemical stability could be longer [13].

To assist centralized pharmacy requirements, we have con-
ducted a comprehensive in-house study using a robust array of
assays to investigate the quality and in-use stability of diluted
IV formulations of ABP 980 in direct comparison with the refer-
ence trastuzumab under identical conditions to mimic dosing in
IV bags, transportation and extended storage prior to infusion.

Methods

Infusion bag preparation

In total, eight IV bags (flexible polyolefin, 250 mL) were pre-
pared for testing, see Figure 1, comprising two low-dose (70 mg;
0.3 mg/mL; selected as a worst-case low dose) and two high-
dose bags (1,200 mg; 3.8 mg/mL) for ABP 980 and reference
trastuzumab. Dosed IV bags were placed in boxes, protected
from light and subjected to mechanical stress (transportation
“simulation), which involved two drops from a height of ~46 cm
(18 inches), and subsequent transportation steel spring truck vibra-
tion simulation for two hours followed by a further two drops.

The dosed IV bags were then placed at either 2°C-8°C or 30°C
for 5 weeks, followed by 48 hours at 30°C in order to simulate
worst-case storage conditions at the patient administration site.
At each timepoint (see below), 30 mL aliquots were taken from
the IV bags using an un-siliconized syringe and needle, and the
post-infusion sample was the remainder of the IV bag volume
at the end of the study. All samples that were diluted in 0.9%
saline required concentration from 0.3 mg/mL and 3.8 mg/mL
to > 5 mg/mL, and buffer exchange into formulation buffer prior
to size-exclusion ultra-high-performance liquid chromatography
(SE-UHPLC), cation-exchange high-performance liquid chro-
matography (CEX-HPLC) and reduced capillary electrophoresis
(rCE) sodium dodecyl sulphate (SDS) analysis.

Assessment of drug product quality and stability
Assessments were made at the following timepoints: pre- and
post-transportation simulation (Weeks —1 and 0, respectively), at
Weeks 1, 2, 4, and 5; and at Week 5+ following 48 hours at 30°C
pre-infusion, and also post-infusion, see Figure 1.

Visual inspection, and protein concentration and recovery
Visual observation was used to assess aggregation and parti-
cle formation; particles sized > 125 pm were monitored and
were deemed likely proteinaceous. Samples were collected in
30 mL polyethylene terephthalate glycol (PETG) containers and
inspected by a trained visual inspector in a visual inspection
booth with non-reflecting black and white background under
fluorescent lighting conditions; the acceptable light intensity
value for detection was > 2,000 lux. Ultraviolet-visible (UV-Vis)
spectroscopy was used to evaluate protein concentration and
percentage recovery. Concentration determinations were per-
formed using SoloVPE UV-Vis spectroscopy using the extinction
coefficient of 1.5 for a 1 mg/mL solution at 280 nm. Percent
recovery was calculated by:

Measured concentration post-infusion X 160

% Recovery =
Measured concentration pre-transportation simulation

pH

pH tests were carried out on post-transportation samples at
Week 0. A Mettler Toledo SevenMulti pH meter was calibrated
using pH 4, 7 and 10 standards. The probe used was a Mettler
Toledo InLab Micro. pH readings were taken on samples after
they had equilibrated to room temperature.

Figure 1: Study design
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Aggregation

Aggregation was assessed through quantification of high molec-
ular weight (HMW) species using SE-UHPLC. Briefly, 60 pg of
each sample was injected onto a Waters BEH200, 1.7 pm particle
size, 4.6 x 150 mm column and eluted isocratically over 6 min-
utes with 100 mM sodium phosphate, 250 mM sodium chloride,
pH 6.8, with a flow rate of 0.4 mL/min using a Waters Acquity
system running Empower software. Absorbance was measured
at 280 nm over 6 minutes. Peak areas in the chromatogram were
used to quantify the amounts of HMW species.

Purity
Purity was examined using CEX-HPLC and rCE-SDS assays.

For CEX-HPLC, 170 ng of each sample was injected on an Agi-
lent BioMab, NP5, 4.6 x 250 mm column and eluted with a
gradient from 20 mM sodium phosphate, pH 6.9-20 mM sodium
phosphate, 500 mM sodium chloride, pH 6.9 using an Agilent 1200
HPLC running Chromeleon software. Absorbance was measured
at 280 nm over 60 minutes. All samples that were diluted into
0.9% saline required concentration from 0.3 mg/mL and 3.8 mg/
mL to > 5 mg/mL, and buffer exchange into formulation buffer.
Prior to injection and CEX-HPLC analysis, samples were diluted
to 2 mg/mL using 20 mM sodium phosphate, pH 6.9 [mobile
phase A] and CEX-HPLC analysis.

For the rCE-SDS assays, samples were reduced and denatured
using B-mercaptoethanol and SDS; and injected on 50 pm inter-
nal diameter bare fused silica capillary. Protein peaks were
detected by a photodiode array detector as they passed through
at 220 nm.

Biosimilars for Healthcare Professionals

Potency by proliferation inbibition bioassay

A cell-based proliferation inhibition assay used human breast
tumour cells (BT-474) expressing HER2 receptors to evaluate
potency [8]. BT-474 cells were incubated with varying concentra-
tions of ABP 980 reference standard, control and test samples. The
biological activity of the test sample was determined by comparing
the ABP 980 test sample or the trastuzumab test sample response to
that of reference trastuzumab standard response (relative potency).

Subvisible particle counting

Subvisible particles were counted by high accuracy (HIAC) light
obscuration and analysed using a HIAC/Royco liquid-borne
particle counter system with a high-rate linear detector (HRLD)-
150 laser using Pharm Spec software. Samples were degassed at
75 Torr for 1 hour prior to analysis. Four samples of 1 mL were
taken, with the first sample being discarded and the last three
averaged to report the data as mean * standard deviation (SD).

Results

Visual inspection, and protein concentration and recovery
Particles of size > 125 pm were intermittently observed for both
ABP 980 and reference trastuzumab, whether stored at 2°C-8°C
for 5 weeks and then 30°C for 48 hours, or at 30°C for 5 weeks
and then for a further 48 hours at 30°C, see Figure 2. The per-
centage protein recovery, calculated from UV-Vis protein con-
centration measurements was 98%—-100% for all samples tested,
indicating no significant loss of protein due to adsorption to the
intravenous (IV) bag and infusion line.

pH
The higher-dose dilutions maintained the pH closer to the initial
formulation specifications as compared to the lower doses for

Figure 2: Visual inspection of particles at different temperatures and dilutions
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Figure 3: pH measurements at different temperatures and dilutions
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zumab with respect to aggregation rates,
when subjected to mechanical stress to
simulate transportation and then stored
at either 2°C-8°C or 30°C for 5 weeks,
and then at 30°C for 48 hours.

Purity by CEX-HPLC

Trastuzumab is sensitive to deamidation
and isoaspartate formation at certain Asn/
Asp residues, which lead to a reduction
of biological activity [14]. Deamidation
at Asn30 causes a 30% drop in potency,
compared with the main species, and
isomerization at Asp102 results in only
9% to 21% of the potency of the main
species [14]. To monitor deamidation
and isoaspartate formation, a CEX-HPLC
method was developed that resolves

these species chromatographically.

ABP 980 ABP 980 Trastuzumab Trastuzumab ABP 980 ABP 980 TrastuzumabTrastuzumab
( low dose  high dose low dose high dose | low dose  highdose lowdose high dose
! Upon storage at 2°C-8°C for 5 weeks
2°C-8°C 30°C

followed by exposure to 30°C for 48

Post-transportation analysis only.

hours, CEX-HPLC analysis of reconsti-

both ABP 980 and the reference trastuzumab, see Figure 3. For
the low-dose (0.3 mg/mL) dilutions, the small volume of drug
product used (3.3 mL in a 250 mL IV bag) led to dilution of the
L-histidine buffer and a drop in pH to as low as pH 5.2.

Aggregation

There was little change in the percentage of high molecular weight
(HMW) species across doses and temperatures on SE-UHPLC for
either ABP 980 or the reference trastuzumab, see Figure 4. These
data indicate the in-use stability of ABP 980 and reference trastu-

Figure 4: Aggregation analysis by SE-UHPLC upon exposure to 30°C

tuted trastuzumab (either ABP 980 or
reference product) demonstrated no significant loss in main peak
(intact molecule). Upon exposure to 30°C over 5 weeks and 48
hours, reconstituted ABP 980 as well as reference trastuzumab
were both sensitive to chemical degradation over time at 30°C,
see Figure 5, as expected during storage at room temperature [15].

Purity by rCE-SDS

There was no detectable loss in purity across doses and tem-
peratures for either ABP 980 or reference trastuzumab, indicating
stability with respect to fragmentation, see Figure 6.
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%HMW: percentage of high molecular weight species; SE-UHLPC: size-exclusion ultra-high-performance liquid chromatography.
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Figure 5: Purity analysis of main peak by CEX-HPLC upon exposure to 30°C
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CEX-HPLC: cation-exchange high-performance liquid chromatography.

Figure 6: Purity* by rCE-SDS assay upon exposure to 30°C
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rCE-SDS: reduced capillary electrophoresis sodium dodecyl sulphate.
Potency by inhibition of cell proliferation bioassay Subvisible particle counting by HIAC

There was consistent biological potency of between 97%—114% Analysis of subvisible particle levels by HIAC showed that
across doses (97%-104% for low dose, and 102%-114% for high these were generally consistent between ABP 980 and refer-
dose) and temperatures (98%—114% at 2°C-8°C, and 97%—113% at ence trastuzumab at both low and high dose concentrations.
30°C) for both ABP 980 and reference trastuzumab, see Table 1. Increased particle counts = 10 pm were observed with the low
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Table 1: Cell proliferation inhibition bioassay in a human breast

tumour cell line (BT-474)

Sample (post-infusion) % relative potency
ABP 980, low dose, 2°C-8°C 98
ABP 980, high dose, 2°C-8°C 102
Trastuzumab, low dose, 2°C-8°C 101
Trastuzumab, high dose, 2°C-8°C 114
ABP 980, low dose, 30°C 97
ABP 980, high dose, 30°C 106
Trastuzumab, low dose, 30°C 104
Trastuzumab, high dose, 30°C 113

doses of both ABP 980 and reference trastuzumab, see Figure
7. Overall, the = 2 pm particle data were comparable for ABP
980 and reference trastuzumab and indicate that there are no
increases in subvisible particle levels over time, see Figure 8.

Discussion

In-use drug stability studies, i.e. those that are not designed to
fulfil label licensing requirements, are relevant in ‘real-world’
hospital pharmacy settings, as they provide insight into the
impact that reconstitution and dilution, transportation, and stor-
age conditions prior to infusion, have upon a drug. Our study
utilized a robust range of stability-indicating assays to con-
sider the impact of potential real-life conditions on the quality
and stability of high and low dose ABP 980, compared with
reference trastuzumab. The impact of mechanical stress, e.g.
simulated transportation by a steel spring truck, and extended
storage (35 days at 2°C-8°C or 30°C, followed by 30°C for 48
hours), were evaluated in terms of product quality, purity and

activity. In addition, both products were tested for product qual-
ity before and after administration using an infusion pump.

Our findings show consistently similar product quality between
ABP 980 and reference trastuzumab. Although ABP 980 had a
higher initial level of HMW species than reference trastuzumab,
rates of aggregation were similar for both products. The initial
difference, which could be due to factors including age of the
starting material or lot-to-lot variability, did not impact the in-
use stability. With regard to the increased particle counts with
the low doses of both ABP 980 and reference trastuzumab, we
can hypothesize that this might be due to dilution of the sur-
factant (polysorbate 20) below its effective concentration, as
well as the agitation induced by transportation simulation. For
the lowest-dose dilutions (which are rarely used clinically), the
final theoretical concentration of polysorbate 20 in the IV bag is
0.0001%, whereas for higher-dose dilutions it is 0.0014%. Further-
more, subvisible particle data met standard criteria according to
US Pharmacopeia particle determination: guidance for parenteral
products (USP <787>) and European Pharmacopoeia 9.0 (Ph.Eur.
2.9.19) specifications for extended storage at 2°C-8°C.

CEX-HPLC indicated that storage at 30°C led to changes in ABP
980 and reference trastuzumab over time, changes that were
not seen when stored at 2°C-8°C over the period of time tested.
Despite the changes in ABP 980 and reference trastuzumab
when stored at 30°C, these did not appear to affect the out-
comes of other tests (including biological activity). In fact, an
NHS Foundation Trust in England has reviewed the information
derived from this study and has issued an interpretation of the
data and a recommendation for extended storage of 28 days in a
refrigerator for dilutions of 0.3 mg/mlL-3.8 mg/mL in saline solu-
tion [16]. They considered that room temperature data (at 30°C)
indicated a robust margin of safety for the shelf-life of ABP

Figure 7: Subvisible particle counts (= 10 pm)* upon exposure to 30°C
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Figure 8: Subvisible particle counts (= 2 pm)* upon exposure to 30°C
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980, and that this may be of use when evaluating the impact of
deviations in product handling [16].

Other studies have reported identical profiles for the extended
stability of other monoclonal antibody biosimilars versus their
reference products, e.g. infliximab and rituximab [17-19]. Another
trastuzumab biosimilar has also shown extended stability after
1 month refrigerated storage followed by 24 hours at room temper-
ature [20], and when stored in the dark at 4°C for 90 days [21]. In
the latter study, while storage at 22°C for 28 days revealed slightly
altered tertiary structures and signs of hydrolysis, as assessed by
UV spectrometry and chromatography, there were no obvious
signs of aggregate formation, as evaluated by turbidimetry [21].
However, the study reported here was the only study published
to date to assess the impact of extended storage on biological
activity and to compare the extended stability of the biosimilar
directly to that of the reference product. In addition, this study
evaluated the impact of mechanical stress on in-use stability,
which more closely simulates real-world conditions. Reference
trastuzumab IV solution has been found to remain physically
and structurally stable at 2°C-8°C for 28 days [22] and up to
6 months [23]. A more recent study has indicated stability for 7
days when stored at 2°C to 8°C, followed by an additional 24
hours at 30°C [24]. Although we did not use spectroscopy tech-
niques to evaluate the impact of extended storage on tertiary
structure, the combination of chromatography and biological
assay techniques selected for this study provide a reliable assess-
ment of higher order structure integrity. In addition, a previous
publication reported that the higher order structures of ABP 980
and reference trastuzumab were highly similar [8]. Overall, our
results compare favourably with previously published stability

GaBl Journal | www.gabi-journal.net

studies and provide additional insight by comparing the in-use
extended stability of ABP 980 directly with that of reference
trastuzumab.

Our findings support advance preparation of ABP 980 infusion
bags at dosages of 0.3 mg/mL-3.8 mg/mL in saline solution, and
storage for 35 days at 2°C-8°C. These conditions have potential
benefits for healthcare systems. For example, extended storage
of ABP 980 infusion bags at 2°C-8°C could reduce workload for
both pharmacies and nurses, provide dose-banding flexibility,
reduce drug wastage; and improve patient management. In addi-
tion, the ability to transport and store ABP 980 to satellite clinics
or pharmacies might allow patients to be treated closer to home.

One limitation of our study is that sterility was not evaluated.
However, the high and low dose dilutions were prepared under
aseptic conditions, and no bacterial or fungal contamination had
been reported in a similar study of the trastuzumab biosimilar
CT-P6 [21].

After our study had commenced, guidance from the UK
National Health Service Pharmaceutical Quality Assurance
Committee regarding how the stability of biopharmaceuticals
might be derived and assessed, recommended a minimum of
three replicates at each timepoint [25]. The lack of duplicates
in some parts of our study and the lack of statistical compari-
son versus reference product is therefore a limitation of the
study. However, we tested both ABP 980 and reference trastu-
zumab at two different concentrations and at two different tem-
peratures, which provides a robust overall assessment of the
stability profile and comparison between ABP 980 and reference
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trastuzumab. While pH was only measured at one timepoint,
significant changes in pH would likely cause instability of the
products that would have been detected in other tests. The fact
that both products showed very similar behaviours in all the
tests performed is reassuring.

Conclusion

Using a wide range of stability-indicating assays, this study has
demonstrated the extended in-use stability of ABP 980. There
was no meaningful impact on product quality of ABP 980 and
reference trastuzumab under simulated real-life transportation
and extended storage conditions at 2°C-8°C and 30°C. These
data also provide a comprehensive overview of the extended
stability and activity of the trastuzumab biosimilar ABP 980 after
dilution in IV bags. Provided that sterile conditions and appro-
priate quality controls are followed, the extended stability of
ABP 980 at 2°C-8°C could improve cost-efficiency by enabling
increased storage flexibility, including advance batch prepara-
tion, dose-banding (low- and high-dose preparations), reduced
drug wastage, and workload optimization.

For patients

Once drug infusions are prepared, the way that they are stored
and transported might affect whether they work as well as they
should. Tt is important that, after storage and transportation, the
drug being given is of the same quality and that the amount of
drug remains stable. This paper has tested how the storage and
transportation of two drug infusions made up of low and high
doses of KANJINTI™ and Herceptin (essentially the same drug,
called trastuzumab), affects their quality and stability. This study
found that the quality and stability of both drugs was the same
after mimicking transport in a truck, and after storage in a fridge
or at room temperature. These findings mean that once these
drug infusions are prepared at the specialist hospital pharmacy,
they can be shipped out to local clinics where they can be given
to you, saving you having to travel to a specialist hospital. It
also helps saving time and money, as drug infusions could be
prepared in advance and kept in storage in a refrigerator for a
period of time.
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