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Abstract. Background: A fixed-dose
combination (FDC) of candesartan cilexetil,
hydrochlorothiazide and rosuvastatin (CC/
HCTZ/RSV) has been developed to enhance
patient compliance in the primary preven-
tion of cardiovascular diseases. Objective:
To evaluate if the combination of the prod-
uct components in the new FDC capsule
formulation affects their respective pharma-
cokinetic and in vitro dissolution patterns.
Materials and methods: In vitro dissolution
profiles were compared in USP-43 and in
biorelevant dissolution media. In vivo com-
parisons were obtained in a randomized,
open-label, single-dose, two-treatment,
two-way crossover study in 24 healthy sub-
jects. During each treatment period, sub-
jects received the test formulation (FDC hard
capsule containing CC/HCTZ/RSV) or the ref-
erence formulation (co-administration of a
FDC CC/HCTZ tablet and a RSV tablet). Plas-
ma samples were collected periodically over
48 hours post-dose. Safety and tolerability
were assessed. Results: Dissolution profiles
of all active drugs in the Test (capsule) and
Reference Products (as tablets) were within
the tolerance dissolution criteria of USP-43
conditions. HCTZ dissolution profiles were
closely similar whereas those for RSV and CC
did not match at specific pHs. In the phar-
macokinetic study, the 90% confidence in-
tervals (Cls) for the geometric least-square
mean ratios of Cra, AUCo s, and AUCq i
were 0.95-1.18,0.95-1.15and 0.95-1.13
(CC);0.91-1.10,0.96—-1.08,and 0.96 - 1.09
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(HCTZ) and 0.82 — 1.23, 0.81 — 1.13, and
0.82 — 1.12 (RSV), respectively. All adverse
events were mild. Conclusion: The new FDC
product (Sinlip Prevent), a stable FDC hard
capsule, was bioequivalent (similar phar-
macokinetics) when compared to the co-
administration of the components and may
be considered as a suitable and simplified
medication for cardiovascular disease man-
agement.

What is known about this subject

— Recent studies indicate that patients
with hypertension should be started on
combined therapy with antihypertensive
agents and statins as soon as possible
to prevent the development of cardio-
vascular diseases. Up-to-date guidelines
recommend that patients with hyperten-
sion in the moderate risk category be
treated with statins.

— Fixed-dose combination products (FDC)
often contain drugs with different mech-
anism of action to produce additive and,
or synergistic effects in the treatment of
the disease, provided there is evidence
of a positive benefit-risk input for the
combination in the targeted indication.
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What this study adds

— A new fixed-dose formulation combining
an immediate release fixed-dose com-
bination tablet of candesartan cilexetil/
hydrochlorothiazide 16/12.5 mg and an
immediate release tablet of rosuvastatin
10 mg, both contained in a hard capsule
has been developed in Argentina.

— This study constitutes the first report de-
scribing both in-vitro dissolution charac-
teristics and bioavailability and bioequiv-
alence of a new FDC oral hard gelatine
capsule formulation containing CC 16
mg, HCTZ 12.5 and RSV 10 mg compared
to the co-administration of single doses
of the innovator products in healthy
adult subjects.

Introduction

Cardiovascular disease is the primary
cause of death globally based on data from
the World Health Organization, with an es-
timated 18 million deaths each year, con-
stituting 31% of all deaths [1]. Moreover,
in spite of current recommendations and
availability of effective medication, more
than 23 million people are predicted to die
annually from cardiovascular diseases by
2030 [2]. Dyslipidemia and hypertension are
well recognized risk factors for heart disease
and stroke [3]. In surveys, more than 60% of
patients with hypertension also have hyper-
cholesterolemia [4]. The association of these
two risk factors promotes the coronary en-
dothelial impairment generated by each risk
factor alone and the effects on endothelial
function are accompanied by a shift in oxi-
dative status to a pro-oxidant condition. This
interaction may therefore increase the inci-
dence of coronary heart disease and cardiac
events when hypercholesterolemia and hy-
pertension coexist [5].

Recent studies show that patients with
hypertension should be started on com-
bined therapy with antihypertensives and
statins at an early stage to prevent the de-
velopment of cardiovascular diseases [6]. A
meta-analysis showed that cardiovascular
events were lowered by 45% if the blood
pressure and blood lipid levels were both
decreased by 10% [7]. An international, mul-
ticenter, double-blind, randomized, placebo
controlled trial (Heart Outcomes Prevention

Evaluation-3 study: HOPE Study) conducted
in 12,705 patients with a mean follow-up of
5.6 years, demonstrated that the combina-
tion of rosuvastatin (RSV) (10 mg/day), can-
desartan (16 mg/day), and hydrochlorothia-
zide (HCTZ) (12.5 mg/day) was associated
with a significantly lower rate of cardiovas-
cular events than dual placebo in patients
at intermediate risk without cardiovascular
disease. There was a 29% reduction in the
primary outcomes i.e., cardiovascular death,
non-fatal myocardial infarction, and non-fa-
tal stroke; and by 28% reduction in second-
ary outcomes i.e., heart failure, cardiac ar-
rest, and revascularization. These benefits
were clearly observed in the group of com-
pliers. Adverse events associated with com-
bined therapy comprised muscle weakness
and dizziness [8].

Up-to-date guidelines recommend that
patients with hypertension in the moderate
risk category be treated with statins [9]. Thi-
azide-type diuretics and angiotensin recep-
tor blockers are included among the first-line
therapies in patients with hypertension, and
two or more drugs may be used simultane-
ously if blood pressure is not controlled [10].
Candesartan cilexetil (CC)/HCTZ, in a fixed-
dose combination (FDC) tablet (16/12.5 mg),
was approved by the FDA in 2000 for the
treatment of hypertension [11]. RSV (tab-
lets; 5 — 40 mg) was approved by the FDA in
2003 to treat patients with primary hyper-
lipidemia and mixed dyslipidemia and also
as primary prevention of cardiovascular dis-
eases in patients with several risk factors but
without clinically evident disease [11, 12].

CC is rapidly and completely bioactivat-
ed to candesartan, a selective angiotensin
Il type 1 receptor antagonist, by ester hy-
drolysis during absorption from the gastro-
intestinal tract [13]. Candesartan belongs
to class IV (low solubility, low permeability)
according to the biopharmaceutical classifi-
cation system [14, 15]. Candesartan shows
linear pharmacokinetics for oral doses up to
32 mg. After tablet ingestion, oral bioavail-
ability is ~ 15% due to incomplete absorp-
tion, and peak concentrations are reached
after 3 — 4 hours. It undergoes minor he-
patic metabolism by O-deethylation to an
inactive metabolite and is mostly excreted
unchanged in urine and feces with an elimi-
nation half-life of ~ 9 hours [13, 16]. HCTZ
acts on renal tubular electrolyte reabsorp-
tion, directly raising the excretion of sodium
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and chloride by similar amounts. [13]. HTCZ
is considered to be a BCS-class Il drug (low
solubility, high permeability) although it has
also been classified as class Il {17, 18, 19].
Following oral dosing, the bioavailability is
nearly 70% with a biphasic decline in plasma
concentration and a terminal half-life of ~ 10
hours (range 5.6 — 14.8 hours) [20]. HTCZ is
not metabolized and is excreted primarily
unaltered in the urine within 24 hours [13].
RSV calcium is a selective and competitive
inhibitor of 3-hydroxy-3-methylglutaryl-co-
enzyme A reductase, causing suppression of
the synthesis of low-density lipoprotein cho-
lesterol in the liver [21]. RSV is usually cat-
egorized as a BCS-class Il drug. The bioavail-
ability after oral dosing is ~ 20% and C,., is
achieved at 3 =5 hours. Both the maximum
plasma concentration and the AUC for the
plasma concentration-time curve increase
proportionally to dose. RSV is not extensive-
ly metabolized and is primarily eliminated
by excretion in the feces with an elimination
half-life of almost 19 hours [22].

Because of the higher patient compli-
ance and adherence, FDC products are being
increasingly preferred for diseases requiring
long-term treatment such as hypertension
and hypercholesterolemia. In addition, en-
hanced patient convenience, simplification
of disease management, cost reduction to
the patient and possibly improved clinical
effectiveness are accompanied in some pa-
tients by improved blood pressure lowering
effects [23, 24, 25]. Fixed-dose combination
products often incorporate drugs with dif-
ferent mechanism of action to produce ad-
ditive and, or synergistic effects often repre-
senting a positive benefit-risk input for the
targeted indication [23, 26, 27].

We describe here a new fixed-dose for-
mulation, developed in our facilities in Ar-
gentina, combining an immediate release
FDC tablet of CC/HCTZ 16/12.5 mg and an
immediate release tablet of RSV 10 mg, in
a single hard gelatine capsule. The new for-
mulation is obtained by filling a hard gelatin
capsule with a single rosuvastatin film coat-
ed tablet (10 mg) and a single FDC tablet of
CC/HCTZ tablet (16/12.5 mg). It is anticipat-
ed that the new formulation will be effective
in the primary prevention of cardiovascular
disease in adult patients over 60 years who
are at intermediate risk and who will ben-
efit from a cholesterol and a blood pressure-
lowering agent.

The objective of the present study was
to determine the dissolution characteristics
of CC/HCTZ/RSV, in the new FDC formulation
and to confirm the absence of any interac-
tions affecting the pharmacokinetic (PK) pro-
file of the active agents. Both in vitro disso-
lution characteristics and in vivo PK profiles
were determined and compared to those
obtained using the innovator products.

Materials and methods

In vitro dissolution tests

In vitro dissolution studies were con-
ducted at Gador S.A. Pharmaceutical De-
velopment Unit (Buenos Aires, Argentina).
The dissolution rates for CC, HCTZ, and RSV
were measured using n = 12 tablets of the
new fixed-dose formulation (considered as
test product: Sinlip Prevent), as well as the
innovator products (considered as refer-
ence products: Atacand D and Crestor). Dis-
solution profiles were obtained for all drug
products in USP-43 media in concordance
with the recommendations of the United
States Pharmacopeia (USP) [28, 29]. Dissolu-
tion tests were carried out in 3 bio-relevant
media using conditions for dissolution test-
ing of immediate release (IR) products as
specified in the FDA guidance [30]. USP-43
dissolution profiles for CC, HCTZ and RSV
were obtained using USP Il apparatus, pad-
dle type at 50 rpm in 900 mL, phosphate
buffer at pH 6.5 for CC and HCTZ and citrate
buffer at pH 6.6 for RSV. Dissolution condi-
tions for the bio-relevant multi-pH media
were: USP Il apparatus, paddle type at 75
rpm in 900 mL water, multi-pHs adjusted to
pH 1.2 (0.1N hydrochloric acid), and pH 4.5
(acetate) and pH 6.8 (phosphate) buffers at
37 °C. Samples were withdrawn through a
syringe filter at the following predetermined
time intervals: 0, 10, 15, 20, 30, and 45 min-
utes for CC/HCTZ; and 0, 10, 15, 20, and 30
minutes for RSV. The volume withdrawn was
replaced by the same volume of fresh dis-
solution media. Blank, standard, and sample
preparations of equal volume were injected
separately in a HPLC UV chromatograph and
chromatograms recorded. Drug content
was determined spectrophotometrically at
264 nm for CC/HCTZ and at 242 nm for RSV.

The similarity factor (f2) was calculated
to compare the dissolution profile of the
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A: In vitro dissolution profiles of candesartan cilexetil, hydrochlorothiazide and rosuvastatin from test

and reference formulations in USP-43 media, test (rhombus) and reference (square). B: In vitro dissolution profiles
of candesartan cilexetil from test and reference formulations in biorelevant multi-pH media, test (rhombus) and
reference (square). C: In vitro dissolution profiles of hydrochlorothiazide from test and reference formulations. In
biorelevant multi-pH media, test (rhombus) and reference (square). D: In vitro dissolution profiles of rosuvastatin
from test and reference formulations test in biorelevant multi-pH-media, test (rhombus) and reference (square).

test and reference products and to assess
pharmaceutical equivalence. When dissolu-
tion was more than 85% or more of the la-

beled amount of the drug substance within

15 minutes, f2 was not determined since the
drug entity was assumed to be a very rapidly
dissolving drug [31].
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Stability tests

Stability tests were conducted according
to ICH guidelines (International Conference
on Harmonization (of Technical Require-
ments for Registration of Pharmaceuticals
for Human Use)) to assure compatibility of
product components (active ingredients,
tablets excipients and capsules) and as a
consequence, to guarantee that the formu-
lation remains within acceptance release
criteria during its shelf life. Stability assays
of the test formulation, packaged in OPA/
AL/PVC — AL blisters, were conducted at
Gador S.A. according to ICH Q1AR2 guide-
line conditions at three temperatures (25,
30, and 40 °C) and under controlled rela-
tive humidity (60, 75, and 75%, respectively)
[32]. Assay, dissolution under compendial
conditions, and released substances — both
known and unknown — were measured by
HPLC and used as stability marker parame-
ters for establishing the shelf-life of the new
product. For this purpose, samples were
collected at predefined time points (3, 6, 9,
12, 18, and 24 months) in concordance with
validated analytical procedures, properly
adjusted and verified for the pharmaceutical
form based on compendial acceptance crite-
ria (USP 43) for each active pharmaceutical
ingredient.

Clinical study

A PK in vivo study was carried out as
an open label, single-dose, single-center,
randomized, two-treatment, two-period,
balanced, crossover trial in healthy adult
subjects under fasting conditions at the F.P.
Clinical Pharma Pharmacokinetic Unit, Bue-
nos Aires, Argentina, from June to July 2018.
All clinical procedures were executed pursu-
ant to Local Regulations, ICH Good Clinical
Practice Guideline and rules of the Ethical
Principles for Medical Research Involving
Human Subjects stated in the latest version
of the Declaration of Helsinki [33, 34, 35].
The study protocol and the Informed Con-
sent Form were examined and approved
by an Independent Ethic Committee (Co-
mité de Etica en Investigacién Clinica “CEIC”,
Buenos Aires, Argentina, revision number
1394/19/2017) and the Local Regulatory
Agency (ANMAT-MoH- Provision DI-2017-
11739-APN-ANMAT#MS) prior to study

commencement. All subjects who agreed to
take part in the study signed the approved
informed consent form prior to the start of
the study.

Interventions

The study subjects were randomly as-
signed to receive two separate single doses
of CC 16 mg, HCTZ 12.5 mg and RSV 10 mg,
each in one of two treatment sequences
(Test-reference or reference-test). The test
product consisted of a single hard gelatin
capsule containing a FDC film-coated tablet
of CC/HCTZ 16/12.5 mg and a tablet of RSV
10 mg (Sinlip Prevent, Batch No. 0970318),
manufactured by Gador S.A. (Argentina).
Reference product comprised the co-ad-
ministration of a CC/HCTZ 16/12.5 mg FDC
film-coated tablet (Atacand D, batch No.
0823), manufactured by AstraZeneca (Gaith-
ersburg, CA, USA) and RSV 10 mg (Crestor,
batch No. 17060213) also manufactured by
AstraZeneca (Gothenburg, Sweden). Both
reference products were purchased at a lo-
cal pharmacy.

The single doses were administered with
240 mL of non-sparkling mineral water af-
ter an overnight fast of at least 10 hours.
The treatments were administered in two
distinct dosing periods according to a pre-
determined randomized sequence of treat-
ments. A 7-day wash-out period was carried
out between treatments. Subjects were not
permitted to chew or crush the study medi-
cation and water ingestion was not allowed
in the period 1-hour pre-dosing and until
2-hour after dosing. A “mouth check” was
carried out immediately after dosing. Sub-
jects remained in the fasting state until after
the 4-hour PK blood sample time point. A
standard diet was given to subjects during
confinement.

Study population

The study was carried out in 24 subjects.
Since it was the first bioavailability assess-
ment of the newly developed FDC formula-
tion, sample size was considered suitable.

Inclusion criteria

Healthy male and female adult subjects
(non-pregnant, non-lactating) aged 21 — 55
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years with a body mass index (BMI) of
19-27 kg/m?. A negative pregnancy test was
required for female subjects of childbearing
potential who agreed to use non-hormon-
al contraception methods. Health status
was verified using medical history, physical
checks, vital signs determinations, clinical
laboratory tests, 12-lead ECGs and results
were required to be within normal ranges.
Negative serological tests for virus detection
and drug abuse were also requirements for
inclusion in the study. Subjects were exclud-
ed if they had a history or current evidence
of clinically significant disease affecting any
body system. Subjects were not allowed to
take any type of medication, including herb-
al preparations, within the preceding two
weeks and throughout the study. Smokers
were asked to refrain from using any type of
tobacco whilst in the study. Other standard
exclusion criteria for bioequivalence (BE)
studies were implemented for subject en-
rollment [36]. Subjects were requested not
to consume foods and beverages containing
alcohol or xanthines and to avoid exposure
to sunlight, strenuous exercise and sports in
the period 72-hour preceding the adminis-
tration of the study medication and during
the confinement at the PK unit.

Sample collection and
bioanalytical methods

Serial blood samples for PK analysis were
collected by venipuncture over a 48-hour
period at the following time points: 0 (pre-
dose), 1,1.5,2,25,3,35,4,45,5,6,9, 12,
24, 36 and 48 hours after oral ingestion of
each treatment. A volume of ~ 8 mL of blood
for each sample was collected into polypro-
pylene tubes containing K2 EDTA as antico-
agulant. Plasma was separated by centrifu-
gation and frozen at =20 °C until analysis.

An analytical method was developed and
validated for measuring CC, HCTZ and RSV
concentrations in K2 EDTA human plasma
using ultra performance liquid chromatog-
raphy-tandem mass spectrometry (UPLC-
MS/MS, MA-RSV-CND-HDR-01, Mass Spec-
trometry Laboratory of Hospital Italiano
de Buenos Aires, Buenos Aires, Argentina).
Plasma sample preparation with the respec-
tive internal standards involved liquid-liquid
extraction with ethyl ether, followed by

evaporation of the organic extract to dry-
ness under a stream of nitrogen. The resi-
due was reconstituted in 0.5% acetic acid
in water and injected into the UPLC-MS/MS
system. Quantification was performed using
a plasma calibration curve that represented
the relationship between the response of
the instrument (area of the analyte/area of
its internal standard) at known concentra-
tions of each analyte under study. Electro-
spray ionization (ESI) was conducted in the
negative ion mode. The multiple-reaction
monitoring mode (MRM) using specific pre-
cursor/product ion transition was used for
quantification. Detection of the ions was
performed by monitoring the m/z transi-
tions of 439.3 > 309.2 for CS; 296.1 > 269.1
for HCTZ and 480.2 > 418.1 for RSV. Instru-
ment identifier was XEVO-TQS#WAA828.
Data were acquired by the analyst software
Waters MassLynx 4.1 SCN876. Stability of
samples was sufficient to cover the time
between drug sampling and concentration
measurement for all samples.

A calibration curve was constructed
for peak area ratios using a least-squares
weighted (l/concentration?) linear regres-
sion for CS and RSV and a weighted (l/con-
centration) cubical model for HCTZ. The low-
est limit of quantification (LLOQ) and upper
limit of quantification (ULOQ) for CS were
3.0 ng/mL and 300.0 ng/mL, respectively.
The LLOQ and ULOQ for HCTZ were 2.0 ng/
mL and 200.0 ng/mL, respectively. The LLOQ
and ULOQ for RSV were 0.15 ng/mL and 30.0
ng/mL, respectively. The calibration curves
were linear over the calibration concentra-
tion range (r >0.98) for CS and RSV and cubic
fit (R > 0.98) for HCTZ.

The accuracy and precision of the vali-
dated method was assessed using 3 separate
analytical runs, each containing three qual-
ity control (QC) levels for CS (LQC: 9 ng/mL;
MQC: 150 ng/mL, HQC: 250 ng/mL), HCTZ
(LQC: 6 ng/mL; MQC: 100 ng/mL, HQC: 160
ng/mL) and RSV (LQC: 0.45 ng/mL; MQC:
15 ng/mL, HQC: 25 ng/mL) covering the
linear range of quantification in replicates
of 5 conducted on different days. Inter-and
intra assay accuracy showed mean BIAS val-
ues within + 15% of the nominal values and
within £ 20% at the LLOQ. Inter- and intra-
assay precision measurements gave coeffi-
cients of variations (CVs) of + 15% of nomi-
nal concentrations; except + 20% at LLOQ.
The methodological validation was carried
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out in concordance with local regulatory re-
quirements and with the FDA guidance for
bioanalytical method validation [37].

Pharmacokinetic evaluation

The plasma concentration-time data af-
ter single dose administration of test and
reference formulations were obtained and
PK parameters were calculated using a non-
compartmental model (WinNonlin, version
8.0; Certara, US Inc). The maximum plasma
concentration and the time of occurrence,
Cmax and t., Were recorded.. The gradient
of the log-linear regression function (A) was
the first order rate constant associated with
the terminal segment of the linear regres-
sion curve for time vs. log-concentration.
The area under the plasma concentration-
time curve (AUC) from the time of dosing
(zero) to the last measurable concentration
(AUCq_.t) was estimated using the trap-
ezoidal rule (linear trapezoidal with linear
interpolation), The AUC, from dosing time
extrapolated to infinity, based on the last
observed concentration (AUC,_¢) was com-
puted using the equation AUCys = AUC +
(Cn/A) where Cn is the last quantifiable con-
centration and A is the slope of the log-linear
regression function. The elimination half-life
(T.2) was ascertained as In2/A. Subjects
were eliminated from the PK analysis set
of all CC, HCTZ, and RSV if emesis occurred
at or before a time point equal to twice the
median tn., [36].

Safety assessment

Physical examination, hematology, se-
rum chemistry, urinalysis, 12-lead ECG and
drug abuse tests were undertaken at the
screening visit (day —21 to —1) for safety pur-
poses. A urine pregnancy test was carried
out at the screening visit and prior to each
dosing period in the case of females with
childbearing potential. An abbreviated phys-
ical examination before drug administration
was also carried out in the morning. Vital
signs (heart rate, systolic and diastolic blood
pressure and axillary temperature) were
registered at the screening visit, 30 min be-
fore dosing and at time-points 2.0, 4.0, 9.0,
12, and 24-hours after drug intake. Adverse
events (AEs) were recorded either following

spontaneous reporting or after direct ques-
tioning of study participants, regarding their
general health, before the dosing period and
during the study follow-up visit. Severity, in-
tensity and relationship of the AEs to the
study medications were evaluated by the
investigators.

Statistical analysis

Demographic data included age, gender,
race, height, weight and BMI. PK endpoints
comprised Cmaw tmaxw AUCoias, AUCoin;, Ke,
Half-life (T1/2B). The PK parameters: Cpay,
AUC_.s;, AUCo_ir¢, for CC, HCTZ and RSV were
analyzed using natural log-transformed
data. These PK variables were compared
by means of ANOVA to obtain the varianc-
es for a 2-treatment crossover design. The
model addressed the fixed effects of period,
sequence and treatment and the random
effect of subjects within-sequence. The av-
erage bioavailability of CC, HCTZ and RSV
in the test formulation relative to the refer-
ence formulations was expressed as the ra-
tio of respective estimated mean exposure
and 90% confidence intervals (Cls) in terms
Of Crnaxy AUCo15st, and AUC,_ir. In concordance
with scientific standards and international
guidelines for BE studies, BE was established
if the 90% Cls for the ratio of the geometric
least-squares means (test treatment/refer-
ence treatment) was inside the boundaries
of 80 — 125% for the primary PK parameters.
Differences at the 5% level were regarded as
significant for all statistical tests [36].

Results

In vitro dissolution profiles

Comparative in vitro dissolution param-
eters of CC, HCTZ, and RSV from test and ref-
erence formulations tested in four different
media are summarized in Table 1. All three
active agents from test and reference prod-
ucts had dissolution characteristics within
tolerance criteria specified in the USP-43.
In-vitro dissolution data obtained in USP-43
media are shown in Figure 1A and for the
three bio-relevant media in Figure 1B, C,
and D.
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Table 1. Comparative in vitro dissolution parameters of candesartan cilexetil, hydrochlorothiazide, and rosuvas-
tatin from test and reference products in different standard media.
Active principle USP-43 pH=1.2 pH=4.5 pH=6.8
Candesartan cilexetil > 80% at 45 min f2=39.6 f2=97.0 > 85% at 15 min
Hydrochlorothiazide > 80% at 45 min > 85% at 15 min > 85% at 15 min > 85% at 15 min
Rosuvastatin >75% at 30 min f2=32.6 f2=34.2 >85% at 15 min

Demographic characteristics of subjects.

Demographic characteristics Results (n = 24)
Ethnicity (Caucasian/Non-Caucasian), n (%) 23 (95.8)/1 (4.2)
Age (yrs), mean + SD 35.00 £9.00
Gender (male/female), n (%) 17 (70.8)/7 (29.2)
Height (cm), mean + SD 170.00 £ 9.32
Weight (kg), mean + SD 71.43 £9.49
BMI (kg/m?), mean + SD 24.63+2.12
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Stability

Stability results showed no significant
changes or trends in dissolution and assay
parameters (conforms at S1/S2 dissolution
stage with no greater than a 5% decrease in
assay values for each agent). However, after
storage at high heat/humidity levels, the
gelatin capsules showed cross-linking. Since
cross-linking is not expected to occur in vivo
because of the acid conditions maintained
under fasting, enzymes (papain, protease
activity range pH 4 — 6.8) were added to the
dissolution medium to resolve this in vitro
phenomenon in accordance with USP rec-
ommendations. Liberation of degradation
products, other than the expected slight
increase in some known compounds (RSV
lactone, benzothiadiazine and related com-
pounds Cathelicidin-BF-30 (BF-30), from RSV,
HCTZ, and C, respectively) remained within
acceptance criteria using 25°C/60% relative
humidity (RH) and 30 °C/75%RH storage
conditions. Increases occurred at high tem-
perature and humidity. At 40 °C/75% RH the
changes were above specification levels in
the case of benzothiadiazine.

Subject population

32 healthy subjects were initially en-
rolled in the present study but 8 subjects
were considered screening failures and did
not receive the study medication. There-
fore 24 subjects were randomized to the se-
quence groups. All subjects completed the

study in accordance with the protocol. De-
mographic characteristics of study subjects
are shown in Table 2.

Pharmacokinetics

The PK analysis involved 24 subjects.
Figures 2 and show mean plasma concen-
tration-time curves after oral dose adminis-
tration of CC, HCTZ, and RSV as test and ref-
erence treatments respectively. The three
treatment curves were similar and reflected
typical profiles for conventional immediate
release formulations with short half-lives.
After reaching C.,, CC, HCTZ, and RSV con-
centrations declined in a biphasic manner
for both, test and reference treatments. Ta-
ble 3 summarize plasma PK parameters for
CC, HCTZ, and RSV.

The analysis of variance revealed no sta-
tistically significant differences between test
and reference formulations (p > 0.05) in re-
spect of fixed effects of period, sequence,
treatment and subjects within sequence as
random effect for the main PK parameters
(Crnaxy AUC_1ast, and AUC,_i¢) analyzed.

Statistical analysis of CC, HCTZ and RSV
PK log-transformed parameters and their
geometric least squares mean (GeolSM) ra-
tios for the test and reference treatment are
shown in Tables 4, Table 5, and Table 6. Test-
reference ratio for the geometric means
(%) for all main PK parameters (Cma, AUCq,
AUCyy) and the corresponding two-sided
90% Cls were within the predefined limits of
80— 125%.

Safety and tolerability

Safety and tolerability were evaluated
in the 24 subjects who received the study
medication. The CC, HCTZ/RSV formula-
tions were well-tolerated in all subjects. No
clinically significant changes in vital signs
were seen. A total of 3 non-serious adverse
events including headache (MedDRA v21.0)



Concentration (ng/mL)

Yerino, Feleder, Halabe, et al.

200

100 —3
£
é -] .
B
50
o T T T T T T T | T ]
8 16 Za 32 4“0 48
Time (h)
Concentration {ng/mL)
B 80 —
so—] B4
< —
= i s
5 i i . :.. - TimeN
]
i
20 —7f
a - - _
T | T T I T | T [ T 1
8 16 z4 32 40 48
Time (h)
Concentration (ng/mL)
C o
T 3
- A
§ ol & :’- n e M
g i
=
o T T T T I T T T T I
8 16 24 32 A0 48
Time (h)

Yerino GA, Feleder EC,
Halabe EK, Diaz L, Sakson M,
Iglesias M, Haddad T,
Roldan E, Mondelo N.
Pharmacokinetics of a new
fixed-dose combination of
candesartan cilexetil,
hydrochlorothiazide and
rosuvastatin in healthy adult
subjects.

Int J Clin Pharmacol Ther.
2022; 60: 192-206.

DOI 10.5414/CP204026

Figure 2. A: Mean plasma concentration-time curves
for candesartan cilexetil following administration of sin-
gle oral doses of test (triangle) and reference (circles)
products (n = 24). B: Mean plasma concentration-time
curves of hydrochlorothiazide following administration
single oral doses of either test (triangle) and reference
(circles) products (n = 24). C: Mean plasma concentra-
tion-time curves of rosuvastatin following administra-
tion of either single oral doses of test (triangle) and
reference (circles) products (n = 24).

were reported in 3 subjects. All events were
judged as possibly related to the investiga-
tional product. No serious adverse events
were reported. Only one adverse reaction
of moderate intensity required medication
treatment and all were completely resolved.

No unexpected adverse events were record-
ed. The safety profiles observed were in ac-
cord with the product description informa-
tion [13, 22].

Discussion

The objective of the present study was
to characterize the biopharmaceutical char-
acteristics of the new combined fixed-dose
formulation of CC, HCTZ, and RSV. There-
fore, both in vitro dissolution and in vivo PK
profiles were assessed and compared with
those of the innovator products.

In vitro dissolution profiles of the active
agents in the test product compared to the
innovator products fulfilled the dissolution
criteria specified in USP-43. The compari-
son analysis between test and reference
formulations showed that f2 values were
below 50% for RSV at pH 1.2 and pH 4.5,
and below 50% for CC at pH 1.2, whereas
HCTZ was greater than 85% at 15 minutes
in all biorelevant pH media, suggesting that
test and reference formulations were not
pharmaceutically equivalent. However, the
in vivo PK study demonstrated that no sig-
nificance differences existed between test
and reference products in terms of rate and
extent of absorption, according to C. and
AUC and the similarity of plasma CC, HCTZ,
and RSV concentration-time curves. Since
the 90% Cls of the ratios of uT/uR for the PK
parameters (C.x and AUCs) were within the
predetermined range (80 — 125%), the null
hypothesis, that the estimated parameters
exceeded limits of acceptance, was rejected,
The two formulations tested were consid-
ered to be bioequivalent.

This study constitutes the first report
presenting both in-vitro dissolution compar-
isons and in vivo single-dose comparative
bioavailability and BE data for the new FDC
oral hard capsule formulation containing CC
16 mg, HCTZ 12.5, and RSV 10 mg and the in-
novator products used to formulate the new
FDC product co-administered.

The FDC formulation test product in a
hard capsule contained three active agents
with low solubility (BCS-class IV for CC and
Il for HCTZ and RSV). Formulation factors in-
volving these active drugs can be expected to
influence their dissolution and PK behavior
and hence the BE results [30]. These drugs
have characteristically low bioavailability
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Table 4.
test or reference treatments (n = 24).

Bioequivalence analysis for candesartan cilexetil following single-oral dose administration of either a

Pharmacokinetic parameters Ref GeolLSM* Test GeoLSM? Ratio (% Ref) 90% Cl Classical
Cinax, Ng/ML 130.71 138.77 106.17 95.01-118.62
AUCopast, ngxh/mL 1,398.54 1473.91 105.39 95.51-115.09
AUCo-ins, ngxh/mL 1,494.84 1560.54 104.40 95.72 -113.85

'Ref GeoLSM= reference geometric least squares mean; 2Test GeoLSM = test geometric least squares mean.

Table 5.
or reference treatments (n = 24).

Bioequivalence analysis for hydrochlorothiazide following single-oral dose administration of either test

Pharmacokinetic parameters Ref GeoLSM* Test GeolLSM? Ratio (% Ref) 90% Cl Classical
Crnax, NG/ML 70.00 70.39 100.55 91.88-110.05
AUCopast, ngxh/mL 467.79 478.64 102.32 96.22 —108.80
AUCo-ins, ngxh/mL 512.18 525.54 102.61 96.56 —109.04

'Ref GeolLSM = reference geometric least squares mean; *Test GeoLSM = test geometric least squares mean.

Table 6.
ence treatments (n = 24).

Bioequivalence analysis for rosuvastatin following single-oral dose administration of either test or refer-

Pharmacokinetic parameters Ref GeolLSM* Test GeoLSM? Ratio (% Ref) 90% Cl Classical
Crna, NG/mL 4.45 4.50 101.07 82.43-123.92
AUCopast, ngxh/mL 41.29 39.66 96.05 81.05-113.83
AUCo-ins, ngxh/mL 48.80 46.49 96.46 82.54-112.72

'Ref GeoLSM = reference geometric least squares mean; *Test GeoLSM = test geometric least squares mean.

when dispensed as immediate-release dos-
age forms. The dissolution rate is lower for
BCS-class Il drugs due to low solubility in
aqueous solutions. Although they are able
to permeate membranes easily, the low
solubility results in a low concentration gra-
dient in the intestine thus limiting absorp-
tion [31]. BCS-class IV drugs also exhibit low
solubility but permeability through mem-
branes constitutes an additional impairment
to absorption [38, 39]. In order to match the
different dissolution profiles of the three ac-
tive substances in a fixed-dose formulation
with respect to the innovator products was
an important issue prior to the clinical PK
study (Figure 1). The dissolution profiles of
the three active drugs for test and reference
formulations were in agreement with previ-
ous in vitro results reported. CC and RSV are
poorly soluble at low pH values, whereas
solubility values for HCTZ are variable at
low pH values and decrease slightly with
increasing pH-values [40, 41]. As shown in
Figure 1A, the dissolution profiles from the
three active drugs of test and reference for-
mulation in USP-43 media were similar and

within dissolution tolerance ranges. How-
ever, in vitro dissolution profiles for CC from
test and reference formulations differed in
hydrochloric acid media and matched in pH
4.5 and pH 6.8 buffers as shown in Figure 1B.
The HCTZ dissolution profiles for test and
reference products did not differ (Figure 1C).
RSV profiles for test and reference formula-
tions were dissimilar in low pH standard
media (pH 1.2 and pH 4.5) at early sampling
times (Figure 1D). These differing dissolu-
tion profiles in test and reference products
for CC and RSV can be partially explained
by differences in composition (hard capsule
containing tablets as test formulation ver-
sus tablets (non-encapsulated) as reference
formulation) that could have influenced the
percentage of each drug released. However,
these differences in the in vitro dissolution
profiles regarding CC and RSV were not re-
flected in the PK comparison in the in vivo
study since similar PK profiles for all active
substances were observed for test and refer-
ence formulations.

Stability under recommended storage
conditions is guaranteed for the three ac-



Yerino GA, Feleder EC,
Halabe EK, Diaz L, Sakson M,
Iglesias M, Haddad T,
Rolddn E, Mondelo N.
Pharmacokinetics of a new
fixed-dose combination of
candesartan cilexetil,
hydrochlorothiazide and
rosuvastatin in healthy adult
subjects.

Int J Clin Pharmacol Ther.
2022; 60: 192-206.

DOI 10.5414/CP204026

PK of a new fixed-dose combination tablet of candesartan cilexetil, hydrochlorothiazide and rosuvastatin

203

tive ingredients in the newly developed FDC
capsule. Long-term stability results meet the
specifications for all tests carried out under
climatic zone IVb conditions (30 °C /76% RH),
whereas at 6 months, under accelerated
conditions (40 °C/75% RH), a single known
impurity identified as benzothiadiazine,
a HCTZ related compound A, was, as ex-
pected, slightly above the acceptable limit.
However, it is emphasized that this result is
not observed under the storage conditions
stated in the product description leaflet.
Bioavailability parameters for CC and
HCTZ were in good agreement with a pre-
vious report describing a single-dose, open
label, crossover BE study in healthy adult
subjects submitted to the FDA by the mar-
keting authorization holder (MAH) for U.S.
registration of the innovator product (CC/
HCTZ FDC tablet). The study compared the
bioavailability between the fixed combi-
nation of CC/HCTZ 16/12.5 mg tablet and
co-administration of a CC 16 mg tablet and
a HCTZ 12.5 mg tablet [20]. Thus, after a
single oral dose of CC/HCTZ 16 mg/12.5 mg
under fasting condition, the mean C,,,, and
mean AUC,_ values observed for CC (CC/
HCTZ FDC tablet) were 111.3 * 38.7 ng/mL
and 1,187.8 + 351.5 ngxh/mL, respectively
and for HCTZ: 69.8 + 21.2 ng/mL and 446.3
+ 100.4 ngxh/mL, respectively. These val-
ues for CC and HCTZ are slightly lower than
those observed in the present study. Howev-
er, half-life data for CC and HCTZ in the pre-
vious study for both formulations were also
comparable to the results observed in the
present study. The PK data reported for CC
in this study correlates well with data from
an open-label, single-dose, crossover BE
study carried out in healthy subjects where
plasma concentrations of CC were also de-
termined by LC-MS/MS. C,..« in the reference
and test formulation (142.6 +41.0 and 139 +
41.4 ng/mL) were quite similar to our report
[42]. These minor differences in PK param-
eters can be attributed to variability in Cp.
(expressed as CV%) of CC for test and ref-
erence Cnay (40.4% and 50.2%) and AUCq_
(36.9% and 36.7%) and C,,., for HCTZ for test
and reference (38.8%) and AUC, s (53.0%)
in the present study. The PK parameters for
CC and HCTZ reported in the present study
were also closely similar to the PK values for
the first dose of CC 16 mg and HCTZ 12.5
mg obtained in a subgroup of patients with
moderate essential hypertension stated in

the comparative PK study referred to above.
In that study no statistically significant dif-
ferences in CC and HCTZ C,.., or AUC could
be observed when the drugs were used in
combination or administered separately
[20]. Plasma PK parameters for RSV 10 mg
from both test and reference formulations
obtained in the present study did not differ
greatly from those values in a previous PK re-
port where the mean C,,., and AUCy ;s values
were 6.3 (range 2.6 — 12.7) ng/mL and 47.6
(range 23.9 — 85.5) ngxh/mL, respectively
[16, 22]. These results must be interpreted
with caution because of the relatively high
variability in the PK parameters of RSV with
(Crmax CV: 70.9% and AUC,_ s CV: 55.4%). The
half-life of RSV reported in this study is in
agreement with literature reports [16].

PK profiles in regard to the three active
ingredients examined showed no drug-drug
interactions in both PK and pharmacody-
namic (PD) data when the active agents were
combined in an FDC formulation. Moreover,
the occurrence of non-linear PKs which could
affect the BE results have also not been ob-
served [23]. Food effects can increase the
absorption of BCS-class Il compounds such
as RSV and HCTZ, although there is no clear
trend for BCS-class IV such as CC [23]. As a
precaution, to minimize the impact of a food-
effect on bioavailability, the study was con-
ducted under fasting condition.

In accordance with international guide-
lines, monotherapy lowers blood pressure
in some patients, but most patients require
treatment with two or more active agents.
In patients with grade 1 hypertension, treat-
ment with antihypertensive drugs should be
considered in those at risk of cardiovascular
disease, or if there is a risk of cardiovascu-
lar disease, or when there is a chronic rise
in blood pressure. If the target blood pres-
sure is not reached, combination therapy is
recommended with more than one active
agent [43]. The fixed combination product
containing CC/HCTZ/RSV is intended for use
in patients with hypertension and hypercho-
lesterolemia where there is an intermediate
risk of CVD. Treatment can be administered
either as initial combination treatment or
as substitution therapy when switching pa-
tients already stabilized on the same drug
entities administered single at the same
dose interval and time of day [26]. Switching
(or substitution) from a variable-dose, multi-
ple-pill angiotensin Il receptor blocker (ARB)
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together with a thiazide to therapy with a
fixed-dose, single-pill formulation has been
effective and safe in decreasing blood pres-
sure in clinical practice [24]. In a systematic
review of nine randomized controlled trials
with more than 7,000 patients, FDC therapy,
by simplifying disease management, im-
proved adherence by 44% (26 — 65%) com-
pared to a multidrug strategy compared to
the commonly used in treatment schedules
(4 trials, 3,835 participants, quality of evi-
dence stated to be moderate) [44].

Conclusion

1. Despite differences in in vitro dissolu-
tion performance of the active agents and
components in the formulation impinging
on the pharmaceutical equivalence, this
study has shown that the new FDC of CC,
HCTZ and RSV 16 mg/12.5 mg/10 mg in a
hard capsule formulation is bioequivalent
to the co-administration of the component
reference formulations.

2.Inthein vivo PK profiles, both the point
estimates and 90% Cls for the C..., AUCoiast,
and AUC, s were in the range 80 —125% and
no statistically significant difference were
found for fixed effects using ANOVA for In
Craxw IN AUCo_as, and In AUC_ins.

3. Since the safety profiles were also
satisfactory, the triple combination is phar-
macokinetically comparable to similar for-
mulations investigated in the HOPE study
on the primary prevention of cardiovascular
disease.

Acknowledgment

All authors have approved the final ar-
ticle. All authors thanks to Gador S.A. Lab-
oratories, Buenos Aires, Argentina for the
financial support. Also, authors thanks to
PhD Maria Isabel Gimenez, PhD Maria Laura
Perez and PhD Maria Angeles Marossero for
Bioanalytical support. Also, authors thanks
to Mrs. Alicia Hevia as Study Coordinator of
the study.

Authors’ contributions

All authors have contributed to the com-
position of the manuscript.

Funding

The study has been financed by Gador
SA., Buenos Aires, Argentina.

Conflict of interest

The authors GA Yerino, EC Feleder, EK
Halabe state no conflict of interest in rela-
tion to the present manuscript. The study
has been financed by Gador SA.

Author N. Mondelo is the R&D Manager
at Gador SA; author Liliana Diaz is the Phar-
maceutical Development Manager at Gador
SA, Tobias Haddad is the Head of Biophar-
maceutics at Gador SA; Mariana Iglesias is
the Head of Drug Product Stability at Gador
SA; Mario Sakson is the Analytical Devel-
opment Manager at Gador SA; and Emilio
Roldan is Scientific Director at Gador SA.

References

[1] World Health Organization. Cardiovascular dis-
eases (CVDs) Key facts.2017. https://www.who.
int/en/news-room/fact-sheets/detail/cardiovas-
cular-diseases-(cvds).

[2]  Mathers CD, Loncar D. Projections of global mor-
tality and burden of disease from 2002 to 2030.
PLoS Med. 2006; 3: e442. CrossRef PubMed

[3]  Nelson RH. Hyperlipidemia as a risk factor for car-
diovascular disease. Prim Care. 2013; 40: 195-211.
CrossRef PubMed

[4]  Egan BM, Li J, Qanungo S, Wolfman T. E. Blood
Pressure and Cholesterol Control in Hypertensive
Hypercholesterolemic Patients: NHANES 1988—
2010. Circulation. 2013; 128: 29-41. CrossRef
PubMed

[5]  Rodriguez-Porcel M, Lerman LO, Herrmann J,
Sawamura T, Napoli C, Lerman A. Hypercholes-
terolemia and hypertension have synergistic del-
eterious effects on coronary endothelial func-
tion. Arterioscler Thromb Vasc Biol. 2003; 23:
885-891. CrossRef PubMed

[6] Wang Y, Kuang ZM, Feng SJ, Jiang L, Chen QX, Ji
XY, Cheng WL, Hu HJ. Combined antihypertensive
and statin therapy for the prevention of cardio-
vascular events in patients with hypertension
without complications: protocol for a systematic
review and meta-analysis. BMJ Open. 2018; 8:
€019719. CrossRef PubMed

[71  Messerli FH, Pinto L, Tang SS, Thakker KM, Cap-
pelleri JC, Sichrovsky T, Dubois RW. Impact of sys-
temic hypertension on the cardiovascular bene-
fits of statin therapy — a meta-analysis. Am J
Cardiol. 2008; 101: 319-325. CrossRef PubMed

[8]  YusufS, Lonn E, Pais P, Bosch J, Lopez-Jaramillo P,
Zhu J, Xavier D, Avezum A, Leiter LA, Piegas LS,
Parkhomenko A, Keltai M, Keltai K, Sliwa K,
Chazova |, Peters RJ, Held C, Yusoff K, Lewis BS,
Jansky P, et al; HOPE-3 Investigators. Blood-pres-


https://doi.org/10.1371/journal.pmed.0030442
https://pubmed.ncbi.nlm.nih.gov/17132052
https://doi.org/10.1016/j.pop.2012.11.003
https://pubmed.ncbi.nlm.nih.gov/23402469
https://doi.org/10.1161/CIRCULATIONAHA.112.000500
https://pubmed.ncbi.nlm.nih.gov/23817481
https://pubmed.ncbi.nlm.nih.gov/23817481
https://doi.org/10.1161/01.ATV.0000069209.26507.BF
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12663373&dopt=Abstract
https://doi.org/10.1136/bmjopen-2017-019719
https://pubmed.ncbi.nlm.nih.gov/29858408
https://doi.org/10.1016/j.amjcard.2007.08.033
https://pubmed.ncbi.nlm.nih.gov/18237593

Yerino GA, Feleder EC,
Halabe EK, Diaz L, Sakson M,
Iglesias M, Haddad T,
Rolddn E, Mondelo N.
Pharmacokinetics of a new
fixed-dose combination of
candesartan cilexetil,
hydrochlorothiazide and
rosuvastatin in healthy adult
subjects.

Int J Clin Pharmacol Ther.
2022; 60: 192-206.

DOI 10.5414/CP204026

PK of a new fixed-dose combination tablet of candesartan cilexetil, hydrochlorothiazide and rosuvastatin

205

[0l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

sure and cholesterol lowering in persons without
cardiovascular disease. N Engl J Med. 2016; 374:
2032-2043. CrossRef PubMed

Leung AA, Daskalopoulou SS, Dasgupta K, Mc-
Brien K, Butalia S, Zarnke KB, Nerenberg K, Harris
KC, Nakhla M, Cloutier L, Gelfer M, Lamarre-Cli-
che M, Milot A, Bolli B, Tremblay G, McLean D,
Tran KC, Tobe SW, Ruzicka M, Burns KD, et al; Hy-
pertension Canada. Hypertension Canada’s 2017
Guidelines for Diagnosis, Risk Assessment, Pre-
vention, and Treatment of Hypertension in
Adults. Can J Cardiol. 2017; 33: 557-576. CrossRef
PubMed

James PA, Oparil S, Carter BL, Cushman WC, Den-
nison-Himmelfarb C, Handler J, Lackland DT, LeFe-
vre ML, MacKenzie TD, Ogedegbe O, Smith SC Jr,
Svetkey LP, Taler SJ, Townsend RR, Wright JT Jr,
Narva AS, Ortiz E. 2014 evidence-based guideline
for the management of high blood pressure in
adults: report from the panel members appoint-
ed to the Eighth Joint National Committee (JNC
8). JAMA. 2014; 311: 507-520. CrossRef PubMed
Atacand HCT™. Approval Letter. NDA 21-093.
FDA. 05/09/2000 http://www.accessdata.fda.
gov/drugsatfda_docs/appletter/2000/21093Itr.
pdf. Date of access: March 6, 2021.

Crestor™ Approval Letter. NDA 21-366. FDA.
12/08/2003 http://www.accessdata.fda.gov/
drugsatfda_docs/nda/2003/21-366_Crestor_
App rov.pdf. Date of access: March 7, 2021.
Atacand HCT™. 16-12,6; 32-12,5; 32-15 (candes-
artan cilexetil-hydrochlorothiazide).Tablets for
Oral Use. Product Information (PI). US. AstraZen-
eca. Last Rv.2016. http://www.azpicentral.com/
atacand-hct/atacandhct.pdf. Date of access:
March 8, 2021.

Darwhekar GN, Jain DK, Chouha J. Biopharma-
ceutical classification of candesartan and candes-
artan cilexetil. Asian Journal of Pharmacy and Life
Science. 2012; 2: 295-302. https://pdfs.semantic-
scholar.org/b7b4/a70cb8889c9644aeb7eb-
92674fe7c8280b94.pdf

de Campos DP, Silva-Barcellos NM, Lima RR, Save-
dra RML, Siqueira MF, Yoshida MI, da Nova Mus-
sel W, de Souza J. Polymorphic and quantum
chemistry characterization of candesartan cilex-
etil: Importance for the correct drug classification
according to biopharmaceutics classification sys-
tem. AAPS PharmSciTech. 2018; 19: 3019-3028.
CrossRef PubMed

Crestor 5mg, 10mg, 20mg and 40mg film-coated
tablets Summary of Product Characteristics
(SmPC). AstraZeneca UK Limited. Last updated
2016. https://www.medicines.org.uk/emc/medi-
cine/11976. Date of access: March 8, 2021.

Khan A, Igbal Z, Shah Y, Ahmad L, Ismail, Ullah Z,
Ullah A. Enhancement of dissolution rate of class
Il drugs (Hydrochlorothiazide); a comparative
study of the two novel approaches; solid disper-
sion and liqui-solid techniques. Saudi Pharm J.
2015; 23: 650-657. CrossRef PubMed

Lindenberg M, Kopp S, Dressman JB. Classification
of orally administered drugs on the World Health
Organization Model list of Essential Medicines ac-
cording to the biopharmaceutics classification sys-
tem. Eur J Pharm Biopharm. 2004; 58: 265-278.
CrossRef PubMed

Kasim NA, Whitehouse M, Ramachandran C, Ber-
mejo M, Lennernds H, Hussain AS, Junginger HE,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Stavchansky SA, Midha KK, Shah VP, Amidon GL.
Molecular properties of WHO essential drugs and
provisional biopharmaceutical classification. Mol
Pharm. 2004; 1: 85-96. CrossRef PubMed
Clinical Pharmacology and Biopharmaceutics Re-
views. NDA 21-093. Candesartan Ciliexetil/ Hy-
droclorothiazide, Center for Drug Evaluation and
Research. 2000. https://www.accessdata.fda.
gov/drugsatfda_docs/nda/2000/21-93_Ata-
cand%20HCT_biopharmr.pdf. Date of access:
March 9, 2021.

Jones PH, Hunninghake DB, Ferdinand KC, Stein
EA, Gold A, Caplan RJ, Blasetto JW; Statin Thera-
pies for Elevated Lipid Levels Compared Across
Doses to Rosuvastatin Study Group. Effects of ro-
suvastatin versus atorvastatin, simvastatin, and
pravastatin on non-high-density lipoprotein cho-
lesterol, apolipoproteins, and lipid ratios in pa-
tients with hypercholesterolemia: additional re-
sults from the STELLAR trial. Clin Ther. 2004; 26:
1388-1399. CrossRef PubMed
Crestor®-Rosuvastatin Calcium Tablets. Highlights
of Prescribing Information.US. Last. Rv 2016.
https://www.accessdata.fda.gov/drugsatfda_
docs/label/2016/0791670rig1s000Ibl.pdf. Date
of access: March 9, 2021.

Mitra A, Wu Y. Challenges and opportunities in
achieving bioequivalence for fixed-dose combi-
nation products. AAPS J. 2012; 14: 646-655.
PubMed

Sakima A, Ohshiro K, Nakada S, Yamazato M, Ko-
hagura K, Nakamoto M, Tana T, Ohya Y. Switching
therapy from variable-dose multiple pill to fixed-
dose single-pill combinations of angiotensin Il
receptor blockers and thiazides for hypertension.
Clin Exp Hypertens. 2011; 33: 309-315. CrossRef
PubMed

Sherrill B, Halpern M, Khan S, Zhang J, Panjabi S.
Single-pill vs free-equivalent combination thera-
pies for hypertension: a meta-analysis of health
care costs and adherence. J Clin Hypertens
(Greenwich). 2011; 13: 898-909. CrossRef
PubMed

Guideline on clinical development of fixed combina-
tion medicinal products. EMA/CHMP/158268/2017
Committee for Human Medicinal Products (CHMP).
https://www.ema.europa.eu/en/documents/scien-
tific-guideline/guideline-clinical-development-
fixed-combination-medicinal-products-revision-2_
en.pdf. Date of access: March 11, 2021.

Food and Drug Administration. Center for Drug
Evaluation and Research. Guidance for industry:
fixed dose combinations, copackaged drug prod-
ucts, and single-entity versions of previously ap-
proved antiretrovirals for the treatment of HIV.
Silver Spring: Food and Drug Administration, Cen-
ter for Drug Evaluation and Research; 2006.
https://www.fda.gov/media/72248/download.
Date of access: March 14, 2021.

Candesartan Cilexetil and Hydrochlorothiazide
Tablets. Pharmacopeial Forum: Volume No. 43 (2)
NF38-709. GUID-8B2B4B9B-295B-428B-A8BD-
F8629BDF376E_9_en-US. 2019. https://online.
uspnf.com/uspnf/document/1_GUID-8B2B4B9B-
295B-428B-A8BD-F8629BDF376E_9_en-US. Date
of access: March 15, 2021.

Rosuvastatin Tablets. Pharmacopeial Forum: Vol-
ume No. 43 (USP43). GUID-C57C94DA-A723-
4CA8-A4CB-E560A6E7CE84_7_en-US. 2019.


https://doi.org/10.1056/NEJMoa1600177
https://pubmed.ncbi.nlm.nih.gov/27039945
https://doi.org/10.1016/j.cjca.2017.03.005
https://pubmed.ncbi.nlm.nih.gov/28449828
https://pubmed.ncbi.nlm.nih.gov/28449828
https://doi.org/10.1001/jama.2013.284427
https://pubmed.ncbi.nlm.nih.gov/24352797
http://www.accessdata.fda.gov/drugsatfda_docs/appletter/2000/21093ltr.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/appletter/2000/21093ltr.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/appletter/2000/21093ltr.pdf
https://pdfs.semanticscholar.org/b7b4/a70cb8889c9644aeb7eb92674fe7c8280b94.pdf
https://pdfs.semanticscholar.org/b7b4/a70cb8889c9644aeb7eb92674fe7c8280b94.pdf
https://pdfs.semanticscholar.org/b7b4/a70cb8889c9644aeb7eb92674fe7c8280b94.pdf
https://doi.org/10.1208/s12249-018-1129-6
https://pubmed.ncbi.nlm.nih.gov/30062540
https://www.medicines.org.uk/emc/medicine/11976
https://www.medicines.org.uk/emc/medicine/11976
https://doi.org/10.1016/j.jsps.2015.01.025
https://pubmed.ncbi.nlm.nih.gov/26702260
https://doi.org/10.1016/j.ejpb.2004.03.001
https://pubmed.ncbi.nlm.nih.gov/15296954
https://doi.org/10.1021/mp034006h
https://pubmed.ncbi.nlm.nih.gov/15832504
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2000/21-93_Atacand%20HCT_biopharmr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2000/21-93_Atacand%20HCT_biopharmr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2000/21-93_Atacand%20HCT_biopharmr.pdf
https://doi.org/10.1016/j.clinthera.2004.09.006
https://pubmed.ncbi.nlm.nih.gov/15531001
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/079167Orig1s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/079167Orig1s000lbl.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3385830/
https://doi.org/10.3109/10641963.2010.549260
https://pubmed.ncbi.nlm.nih.gov/21649528
https://pubmed.ncbi.nlm.nih.gov/21649528
https://doi.org/10.1111/j.1751-7176.2011.00550.x
https://pubmed.ncbi.nlm.nih.gov/22142349
https://pubmed.ncbi.nlm.nih.gov/22142349
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-development-fixed-combination-medicinal-products-revision-2_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-development-fixed-combination-medicinal-products-revision-2_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-development-fixed-combination-medicinal-products-revision-2_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-development-fixed-combination-medicinal-products-revision-2_en.pdf
https://www.fda.gov/media/72248/download
https://online.uspnf.com/uspnf/document/1_GUID-8B2B4B9B-295B-428B-A8BD-F8629BDF376E_9_en-US
https://online.uspnf.com/uspnf/document/1_GUID-8B2B4B9B-295B-428B-A8BD-F8629BDF376E_9_en-US
https://online.uspnf.com/uspnf/document/1_GUID-8B2B4B9B-295B-428B-A8BD-F8629BDF376E_9_en-US

Yerino GA, Feleder EC,
Halabe EK, Diaz L, Sakson M,
Iglesias M, Haddad T,
Rolddn E, Mondelo N.
Pharmacokinetics of a new
fixed-dose combination of
candesartan cilexetil,
hydrochlorothiazide and
rosuvastatin in healthy adult
subjects.

Int J Clin Pharmacol Ther.
2022; 60: 192-206.

DOI 10.5414/CP204026

Yerino, Feleder, Halabe, et al.

206

[30]

[31]

[32]

[33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

https://online.uspnf.com/uspnf/document/1_
GUID-C57C94DA-A723-4CA8-A4CB-E560A6E-
7CE84_7_en-US. Date of access: March 19, 2021.
U.S. FDA/CDER Department of health and human
Services, Center for Drug Evaluation and Re-
search, The Biopharmaceutics Classification Sys-
tem (BCS) Guidance, 2017. https://www.fda.gov/
media/70963/download. Date of access: March
20, 2021.

Abbirami V, Sainithya P, Shobana A, Ramya Devi
D, Vedha Hari BN, et al. Review A Review on In-
vitro Bioequivalence Studies and its Methodolo-
gies. Int J Chemtech Res. 2013; 5: 2295-2302.
http://www.sphinxsai.com/2013/JulySept13/
chPDF/CT=33(2295-2302)JS13.pdf

ICH Q1A (R2) Stability testing of new drug sub-
stances and drug products (CPMP/ICH/2736/99).
Last updated August 2003. https://www.ema.eu-
ropa.eu/en/ich-qla-r2-stability-testing-new-
drug-substances-drug-products. Date of access:
March 21, 2021.

ANMAT-MOH. Disposition 6677/10. http://www.
anmat.gov.ar/Comunicados/Dispo_6677-10.pdf.
Date of access: March 22, 2021.

Guidance for Industry. ICH E6 (R2) Good clinical
practice: Integrated Addendum to ICH E6(R1):
(2018). U.S. Department of Health and Human
Services, Food and drug Administration Center
for rug Evaluation and Research (CDER). https://
www.fda.gov/media/93884/download. Date of
access: March 24, 2021.

World Medical Association. Ethical Principles for
Medical Research Involving Human Subjects
(2013) Declaration of Helsinki. Fortaleza, Brazil.
http://jamanetwork.com/journals/jama/fullarti-
cle/1760318. Date of access: March 28, 2021.
Guidance for Industry: Bioavailability and Bio-
equivalence Studies for Orally Administered Drug
Products - General Considerations. (2002) U.S. De-
partment of Health and Human Services, Food and
drug Administration Center for Drug Evaluation
and Research (CDER). https://www.fda.gov/files/
drugs/published/Guidance-for-Industry-Bioavail-
ability-and-Bioequivalence-Studies-for-Orally-Ad-
ministered-Drug-Products---General-Consider-
ations.PDF. Date of access: March 31, 2021.

Food and drug Administration Center for Drug Eval-
uation and Research (CDER). (2001) Guidance for
Industry: Bioanalytical Method Validation. https://
www.fda.gov/downloads/Drugs/Guidance/
ucm070107.pdf. Date of access: March 31, 2021.
Shah VB, Amidon GL, Lennernas H, Shah VB, Cri-
son JR. A theoretical basis for a biopharmaceutic
drug classification: The correlation of in vitro
drug product dissolution and in vivo bioavailabil-
ity, Pharm Res 12, 413-420, 1995-Backstory of
BCS”. APPS J. 2014; 16: 894-898. PubMed
Tambosi G, Felippi Coelho P, Soares L, Schmiicker
Lenschow IC, Zétola M, et al. Challenges to im-
prove the biopharmaceutical properties of poorly
water-soluble drugs and the application of the
solid dispersion technology. Revista Matéria. 2018;
23. https://www.scielo.br/scielo.php?pid=S1517-
70762018000400415&script=sci_arttext. Date of
access: April 1, 2021.

Fixed Dosed Pharmaceutical Composition Com-
prising Amlodipine, Candesartan Cilexetil and Hy-
drochlorothiazide for the treatment of hyperten-
sion. EP 3219309 A1. 2017. https://patentimages.

[41]

[42]

[43]

[44]

storage.googleapis.com/33/3b/ab/fff797b6c-
5ceab/W02017158094A1.pdf. Date of access:
March 1, 2021.

Pharmaceutical compositions of rosuvastatin cal-
cium. EP2306982A1. https://patents.google.com/
patent/EP2306982A1/en. Date of access: April 2,
2021.

Jeon J-Y, Im YJ, Kim Y, Han SM, Jo MJ, Shin DH, Yoo
JS, Moon BK, Kim BK, Lee BH, Choi YH, Cho BS,
Jang HY, Chae SW, Kim MG. Pharmacokinetic
properties and bioequivalence of candesartan ci-
lexetil in Korean healthy volunteers. Drug Dev Ind
Pharm. 2013; 39: 1296-1299. CrossRef PubMed
Mancia G, Fagard R, Narkiewicz K, Redon J,
Zanchetti A, B6hm M, Christiaens T, Cifkova R, De
Backer G, Dominiczak A, Galderisi M, Grobbee DE,
Jaarsma T, Kirchhof P, Kjeldsen SE, Laurent S,
Manolis AJ, Nilsson PM, Ruilope LM, Schmieder RE,
et al; Task Force Members. 2013 ESH/ESC Guide-
lines for the management of arterial hypertension:
the Task Force for the management of arterial hy-
pertension of the European Society of Hyperten-
sion (ESH) and of the European Society of Cardiol-
ogy (ESC). J Hypertens. 2013; 31: 1281-1357.
CrossRef PubMed

Bahiru E, de Cates AN, Farr MRB, Jarvis MC, Palla
M, et al. Fixed-dose combination therapy for the
prevention of atherosclerotic cardiovascular dis-
eases (Review). Cochrane Database of Systematic
Reviews. Cochrane Libr. 2017; CD009868. https://
www.cochranelibrary.com/cdsr/doi/
10.1002/14651858.CD009868.pub3/full


https://online.uspnf.com/uspnf/document/1_GUID-C57C94DA-A723-4CA8-A4CB-E560A6E7CE84_7_en-US
https://online.uspnf.com/uspnf/document/1_GUID-C57C94DA-A723-4CA8-A4CB-E560A6E7CE84_7_en-US
https://online.uspnf.com/uspnf/document/1_GUID-C57C94DA-A723-4CA8-A4CB-E560A6E7CE84_7_en-US
https://www.fda.gov/media/70963/download
https://www.fda.gov/media/70963/download
http://www.sphinxsai.com/2013/JulySept13/chPDF/CT=33(2295-2302)JS13.pdf
http://www.sphinxsai.com/2013/JulySept13/chPDF/CT=33(2295-2302)JS13.pdf
https://www.ema.europa.eu/en/ich-q1a-r2-stability-testing-new-drug-substances-drug-products
https://www.ema.europa.eu/en/ich-q1a-r2-stability-testing-new-drug-substances-drug-products
https://www.ema.europa.eu/en/ich-q1a-r2-stability-testing-new-drug-substances-drug-products
http://www.anmat.gov.ar/Comunicados/Dispo_6677-10.pdf
http://www.anmat.gov.ar/Comunicados/Dispo_6677-10.pdf
https://www.fda.gov/media/93884/download
https://www.fda.gov/media/93884/download
http://jamanetwork.com/journals/jama/fullarticle/1760318
http://jamanetwork.com/journals/jama/fullarticle/1760318
https://www.fda.gov/files/drugs/published/Guidance-for-Industry-Bioavailability-and-Bioequivalence-Studies-for-Orally-Administered-Drug-Products---General-Considerations.PDF
https://www.fda.gov/files/drugs/published/Guidance-for-Industry-Bioavailability-and-Bioequivalence-Studies-for-Orally-Administered-Drug-Products---General-Considerations.PDF
https://www.fda.gov/files/drugs/published/Guidance-for-Industry-Bioavailability-and-Bioequivalence-Studies-for-Orally-Administered-Drug-Products---General-Considerations.PDF
https://www.fda.gov/files/drugs/published/Guidance-for-Industry-Bioavailability-and-Bioequivalence-Studies-for-Orally-Administered-Drug-Products---General-Considerations.PDF
https://www.fda.gov/files/drugs/published/Guidance-for-Industry-Bioavailability-and-Bioequivalence-Studies-for-Orally-Administered-Drug-Products---General-Considerations.PDF
https://www.fda.gov/downloads/Drugs/Guidance/ucm070107.pdf
https://www.fda.gov/downloads/Drugs/Guidance/ucm070107.pdf
https://www.fda.gov/downloads/Drugs/Guidance/ucm070107.pdf
https://pubmed.ncbi.nlm.nih.gov/24961917/
https://www.scielo.br/scielo.php?pid=S1517-70762018000400415&script=sci_arttext
https://www.scielo.br/scielo.php?pid=S1517-70762018000400415&script=sci_arttext
https://patentimages.storage.googleapis.com/33/3b/ab/fff797b6c5cea6/WO2017158094A1.pdf
https://patentimages.storage.googleapis.com/33/3b/ab/fff797b6c5cea6/WO2017158094A1.pdf
https://patentimages.storage.googleapis.com/33/3b/ab/fff797b6c5cea6/WO2017158094A1.pdf
https://patents.google.com/patent/EP2306982A1/en
https://patents.google.com/patent/EP2306982A1/en
https://doi.org/10.3109/03639045.2012.725732
https://pubmed.ncbi.nlm.nih.gov/23030309
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://pubmed.ncbi.nlm.nih.gov/23817082
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009868.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009868.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009868.pub3/full

