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Postmarketing assessment of a switchable similar
anastrozole product in Brazilian breast cancer patients

Avaliacao pos-comercializacdao de um produto trocavel similar ao anastrozol em
pacientes brasileiras com cancer de mama
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ABSTRACT

Several formulations of the aromatase inhibitor anastrozole are available in Brazil. We carried out a
postmarketing surveillance of the anastrozole (test) formulation in current use at the Brazilian National Cancer
Institute (INCA), by comparing anastrozole through plasma concentrations obtained with the test versus the
reference formulation. Thirty-three postmenopausal breast cancer patients participated in an open label,
bracketed protocol, comprising 3 successive phases of 8-10 days each. The test formulation was used in phases
1 and 3 and the reference formulation in phase 2. Blood samples were collected in the last 2 days of each phase
for LC-MS/MS quantification of anastrozole concentration in plasma. Through anastrozole concentrations
ranged between 17.4-86.9ng/ml across the three phases, with median (interquartile ranges) values of 43.7
(37.2-52.7), 41.3 (30.9-50.7) and 43.3 (33.9-55.8) ng/ml in phases 1, 2 and 3, respectively. ANOVA detected no
statistically significant difference in anastrozole plasma concentrations across the three phases, consistent with
switchability between the reference and test formulations. The genetic component (r.) of through anastrozole
plasma concentrations, estimated using the repeated drug administration procedure across the three phases,
was 0.94, suggesting an important component of genetic variability in anastrozole pharmacokinetics.
Keywords: Aromatase inhibitors; Anastrozole; Breast neoplasms.

RESUMO

Varias formula¢bes do inibidor de aromatase anastrozol estdo disponiveis no Brasil. Realizamos uma
avaliagdo farmacocinética pds-comercializacdo da formulacao (teste) de anastrozol em uso corrente no
Instituto Nacional do Cancer (INCA), por meio de comparagao das concentragdes plasmaticas de anastrozol
obtidas com a formulacdo teste versus a formulacdo de referéncia. Trinta e trés pacientes com cancer de
mama na pds-menopausa participaram de um protocolo aberto, compreendendo 3 fases sucessivas de 8 a
10 dias cada. A formulagdo teste foi utilizada nas fases 1 e 3 e a formulag¢do de referéncia na fase 2. Amostras
de sangue foram coletadas nos ultimos 2 dias de cada fase para quantificagdo por LC-MS/MS da concentragdo
de anastrozol no plasma. As concentra¢des de vale de anastrozol variaram entre 17,4-86,9ng/ml nas trés
fases, com valores medianos (intervalos interquartis) de 43,7 (37,2-52,7), 41,3 (30,9-50,7) e 43,3 (33,9-55,8)
ng/ml nas fases 1, 2 e 3, respectivamente. ANOVA ndo detectou nenhuma diferenca estatisticamente
significativa entre as concentra¢8es de anastrozol nas trés fases, consistente com a intercambialidade entre
as formulag@es teste e de referéncia. O componente genético (r..) das concentraces plasmaticas de
anastrozol, estimado usando o procedimento de administracao repetida do medicamento nas trés
fases, foi de 0,94, sugerindo importante variabilidade genética na farmacocinética do anastrozol.
Descritores: Inibidores de aromatase; Anastrozol; Neoplasias mamarias.

1. Instituto Nacional de Céncer, Hospital do Cancer llI, - Rio de Janeiro - R - Brazil.
2. Universidade Feevale, Instituto de Ciéncias da Saude, - Novo Hamburgo - RS - Brazil.
3. Instituto Nacional de Cancer, Divisdo de Pesquisa Clinica e Desenvolvimento Tecnolégico - Rio de Janeiro - R - Brazil.
Financial support: none to declare.
Conflicts of interest: The authors declare no conflict of interest relevant to this manuscript.
Correspondence author: Guilherme Suarez-Kurtz.
E-mail: kurtz@inca.gov.br

Received on: October 28, 2022 | Accepted on: November 25, 2022 | Published on: January 5, 2023
DOI: https://doi.org/10.5935/2526-8732.20220379

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

0 Brazilian Journal of Oncology | VOL 19:e-20230379 | January-December 2023 | http://www.brazilianjournalofoncology.com.br



INTRODUCTION

Breast cancer is one of the most common cancers
in women worldwide," as well as in Brazil.? Drug
treatment comprises endocrine and/or targeted
therapy according to the molecular expression of
the estrogen receptor, progesterone receptor and
human epidermal growth factor receptor 2 (HER-2).
Third generation aromatase inhibitors, such as
anastrozole, exemestane and letrozole are first-line
adjuvant endocrine therapy for postmenopausal
women with estrogen receptor positive (ER+) breast
cancer.>* Anastrozole, the target of the present
study, is available in Brazil as the originator product
(Arimidex®), several generics and “switchtable similar”
formulations.®> Generics and switchtable similars differ
in that the latter have proprietary (brand) names,
while generics are identified by their DCB (common
Brazilian denomination) names. However, the same
procedures are required for approval of generics and
switchable similars by ANVISA, the Brazilian Health
Regulatory Agency. For oral anastrozole products,
these procedures include evidence of bioequivalence
from a single-dose, crossover study on healthy
volunteers, with pharmacokinetic analyses based on
measurements of parent drug blood concentration.
This procedure does not reproduce the usual dosing
protocol of anastrozole in breast cancer patients,
which consists of daily administrations for several
years. Nevertheless, under current regulations,
bioequivalence studies of on-market generic or similar
formulations are generally not required, which raises
theoretical concerns about postmarketing sustained
quality of generic oncology products.®

Postmarketing trial of anastrozole

We have recently verified the switchability between
the reference and a generic tamoxifen formulation
prescribed to breast cancer patients at the Brazilian
National Cancer Institute (INCA).” INCAis the organization
of the Brazilian Ministry of Health responsible for
development and coordination of integrated actions in
prevention and control of cancer in Brazil.® The present
study explores the switchability between the reference
product and a similar anastrozole formulation in current
use at INCA for treatment of postmenopausal breast
cancer patients. Additionally, we applied the repeated
drug administration (RDA) procedure developed by
Kalow et al. (1999)° and Ozdemir et al. (2000)'° to explore
the genetic component of interindividual variability in
anastrozole through plasma concentrations.

MATERIAL AND METHODS

This study was conducted following Good Clinical

Practice (ICH-GCP) and the clinical protocol was approved
by INCA's Ethics Committee (CAAE: 26125819.4.0000.5274).

Study cohort

Postmenopausal women (n=33), aged 50-84
years, with ER+ breast cancer, were recruited at
INCA and provided written, informed consent.
Self-reported race/color, according to the Brazilian
census, was as follows: White, 15; Brown (Pardo in
Brazilian Portuguese), 14; Black, 4. Individual weight

averaged 71.9kg (range 46-92kg). At the beginning
of the study, all patients had been receiving daily
doses of anastrozole (1mg p.o.) for a minimum of 3
months, as part of their adjuvant treatment.

Study design

This open label study comprised three consecutive
phases of 8-10 days each. A bracketed design was
adopted, such that the test anastrozole formulation in
current use at our institution (Anya, Sun Farmacéutica
do Brasil Ltda., 1mg tablets, batch JKX1371A) was
provided in phases 1 and 3, whereas in phase 2
the patients were given the reference anastrozole
formulation (Arimidex®, AstraZeneca do Brasil Ltda.,
1mg tablets, batch 51570). In one of the last 2 days
of each phase, i.e., 7-9 days after continuous use of a
given formulation, a blood sample (3ml) was collected
before the daily dose of anastrozole. The blood
samples were centrifuged at room temperature within
15min. after collection, the plasma was separated and
stored at -20°C. Anastrozole plasma concentrations
were measured by liquid-chromatography tandem
mass spectrometry (LC-MS/MS), as described in
Supplementary information.

rGC analysis

The through plasma concentrations of anastrozole
were used to estimate the genetic component of
pharmacokinetic variation, rac, following the repeated
drug administration (RDA) procedure.®® Briefly, rgc is
directly related to the F-statistic evaluated by one-way
ANOVA, based on the estimated variances between
and within subjects. The degrees of freedom associated
with this statistics are (n-1) and n(k-1), where n is the
total number of individuals in the study and k is the
number of repeated measurements on each subject.
The lower and upper 95% confidence levels are given
by ((SD,?/SD,*)/Fypysp.) and ((SD,?/SD 2)*F, .. .0),
respectively, where b and w are the degrees of
freedom for between- and within-person variance in
ANOVA, and Fo,025 is the tabulated 0.025 percentile of
an F-statistic with the indicated degrees of freedom. rgc
values approaching 1.0, point to overwhelming genetic
control, whereas rac values close to zero suggest that
environmental factors dominate.

Statistical analysis

One-way ANOVA was used for comparison of the
through plasma concentrations of anastrozole across
the three study phases, and the t-test was used for
pairwise comparisons between the reference and
each test formulation. Statistical significance was set at
p<0.05.

RESULTS

Patients referred no intercurrent adverse effects
following switches of anastrozole formulations.
Three blood samples were collected according to
the study protocol from 30 patients; three patients
had missing samples in one study phase and were
excluded from the statistical analyses.
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Anastrozole plasma concentrations

Postmarketing trial of anastrozole

Table 1 summarizes the plasma concentration
data for anastrozole in the three study phases, and
Figure 1 shows a plot of individual results. Plasma
concentrations ranged from 17.4 to 86.9ng/ml across
the study phases, with considerable interindividual
variation for both reference (4.6-fold) and test (3.4-
fold in phase 1 and 3.3-fold in phase 2) formulations.
A similar extent of interindividual variation was
observed for anastrozole plasma concentrations
adjusted for body weight: range 0.29-1.10ng/ml/
kg, 3.7-fold variation for the reference formulation,
3.5-fold and 3.3 fold for the test formulation in phases
1 and 3, respectively. No statistically significant
difference in anastrozole plasma concentration was
observed across the three study phases (ANOVA,
p=0.65) or between the reference versus the test
formulation administered in phase 1 (paired t-test,
p=0.11) or phase 3 (p=0.17).

rec analysis

We applied the RDA methodology to explore
the interindividual variation in the through
plasma concentrations of anastrozole. We initially
compared data for phases 1 and 3, in which the
same anastrozole formulation (test) was used.
In a second analysis, data from the three phases
were compared, based on the fact that there was
no difference in the plasma concentration data for
the reference and test formulations. The results of
these analyses are shown in Table 2. The calculated
rec’s, 0.87 for the paired comparison and 0.94 for
the three phases, point to an important component
of genetic variability in the pharmacokinetics of
anastrozole.

DISCUSSION

This is to our knowledge the first postmarketing
surveillance trial of anastrozole in Brazilian patients.

Figure 1. Plot of the individual through concentrations of anastrozole in plasma in the three study phases. The test formulation was
used in phases 1 and 3, and the reference formulation was used in phase 2.

Table 1. Anastrozole concentration in plasma (ng/ml).

Anastrozole concentrations Phase 1 Phase 2 Phase 3
(ng/ml) Test Reference Test
Minimum 22.9 17.4 26.1
Maximum 79.6 80.4 86.9
Mean 46.1 43.8 45.9
Median 44.8 42.6 42.0
IQR1 38.1 334 33.2
IQR3 53.4 52.4 56.8
Table 2. Evaluation of the genetic component (rec) for anastrozole plasma concentration.
Anastrozole concentrations N rsc (C195%) ANOVA
Phase 1 vs. phase 3 30 0.87 (0.72-0.94) p<0.0001
Phase 1 vs. phase 2 vs. phase 3 30 0.94 (0.86-0.97) p<0.0001

Brazilian Journal of Oncology | VOL 19:e-20230379 | January-December 2023 | http://www.brazilianjournalofoncology.com.br e



Our study cohort consisted of postmenopausal women
under treatment with daily anastrozole (1mg p.o.) for
a minimum of three months, as part of their adjuvant
treatment for ER+ breast cancer. The results indicate
that the test formulation provided individual plasma
concentrations of anastrozole that did not differ
from the concentrations obtained with the reference
formulation, thus verifying switchability between the
reference and the test formulation currently used in
our institution. Although not strictly a bioequivalence
test, the current study has the added strength of
adopting a bracketed protocol, by which patients
were exposed to the test formulation before and
after the switch to the reference formulation, allowing
for repeated comparison of the two formulations.
Accordingly, from a pharmacokinetic perspective,
switching between these formulations appears to be
safe. We emphasize, however, that as is the case for
conventional bioequivalence tests, the present results
apply specifically to the batches tested and do not
guarantee bioequivalence for other batches of the
reference and/or other similar or generic products. We
are aware that our results derive from single, rather
than serial blood samples, as is commonly performed
in bioequivalence trials. Nevertheless, in all phases of
this study the blood samples were collected >7 days of
daily intake of anastrozole, which assures achievement
of steady-state pharmacokinetics of this drug.'"!

Postmarketing trial of anastrozole

We found no data for Brazilian women under
treatment with anastrozole for comparison, but
the range and interindividual variability of plasma
concentrations for the reference formulation in
this study (phase 2) is consistent with published
data from North American cohorts.’'* Genome-
wide association studies (GWAS) have been carried
out to explore whether genetics might contribute
to the interindividual variability in anastrozole
pharmacokinetics and related estrogen suppression.
Dudenkov et al. (2019)'? identified two SNPs,
rs11648166 in SLC38A7 and rs28845026 near ALPPL2,
associated with anastrozole plasma concentration:
patients homozygous for variant genotypes for both
SNPs had the highest drug concentrations. Ingle
et al. (2015)™ described a model comprising 46 SNPs
which predicted with high accuracy the desired
estrogen suppression phenotype in patients treated
with anastrozole. Consistent with these findings, the
rec analysis of the current data indicate a significant
genetic contribution to the variability in the steady
state anastrozole through plasma concentration.

In conclusion, this postmarketing surveillance
trial verified the switchtability between the reference
and the test anastrozole formulation currently used
in our institution. The bracketed protocol adopted
adds confidence to this conclusion, and may serve as
aframe for future trials of postmarketing assessment
of other genericand switchable similar drug products.
We acknowledge as limitations of our study, the
possibility of non-avowed lack of adherence to the
anastrozole prescription and drug-interactions with
other medications used by the patients that might
influence anastrozole disposition.
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SUPPLEMENTARY INFORMATION
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Analytical procedures for anastrozole in plasma

Anastrozole was extracted from plasma by adding 50pL of sample to a plastic microtube followed by the
addition of 200uL of acetonitrile containing the internal standard (anastrozol-di2 15ng/mL). The mixture was
vortex-mixed and centrifuged. Afterwards, a aliquot of 1pL of the supernatant was injected into the liquid-
chromatography tandem mass spectrometry (LC-MS/MS) system. The LC-MS/MS was a Acquity I-Class coupled
to a Xevo TQS triple quadrupole mass spectrometer, from Waters (Milford, USA). The chromatographic
separation was performed in a Acquity BEH C8 (100x2.1Tmm, 1.7um) column, from Waters. The column was
kept at 35°C. Elution was performed in gradient modo, with mobile phases composed of water with 0.1%
formic acid (mobile phase A) and acetonitrile with 0.1% formic acid (mobile phase B). The gradient program
was as follows: 95% of A for Tmin., followed by a linear gradient to 10% in 3min., which was hold for Tmin., and
then returning to initial conditions in 4.1min. Total run time was 6min. Mobile phase flow rate was 0.3mL/min.
Electrospray ionization in positive mode was used, with capillary voltage of 1kV, ionization source temperature
of 500°C, desolvatation gas flow of 900L/h, cone gas flow of 50L/h, and source temperature of 150°C. The
following MRM transitions were monitored for anastrozole: 294.1 to 115.05 (quantification) and 294.1 to
225.15 (qualification), with cone voltage of 35V and collision energies of 58 and 22V, respectively. The MRM
transition of anastrozole-di2 was 306.15 to 237.25, with cone energy of 35V and collision energy of 20V. The
assay is linear from 1 to 200ng/mL, with intra-assay precision of 3.9-6.9%, inter-assay precision of 2.4-5.8%,
and accuracy from 94.3-102.6%. Matrix effect was 5.5%.
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