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=Abstract=
Background: Letrozole is an oral non-steroidal inhibitor of the aromatase enzyme, which has proven to
be a useful drug against breast cancer.
Methods: This single-dose, randomized 2 X 2 crossover study was conducted in healthy male
volunteers. Participants of each sequence group (each 13 volunteers for sequence group) received, in
randomized sequence, a single oral 25-mg dose of generic letrozole (test) or branded letrozole
(reference). Each treatment period was separated by a 5-week washout period. Blood samples were
collected for up to 312 hours after drug administration, and drug concentrations were determined using
validated LC/MS-MS. Pharmacokinetic properties were obtained using noncompartmental analysis.
Drug tolerability was assessed throughout the study, using measurements of vital signs, physical
examination, clinical chemistry testing, EKG, and interviews.
Results: A total of 26 subjects completed the study. The geometric mean ratios (90% CI) of Cuax and
AUCs were 092 (0.85 - 0.99) and 1.01 (097 - 1.04), respectively. No serious AEs were reported, and
there were no clinically significant differences between test and reference groups.
Conclusion: The findings from this study suggest bioequivalence between two formulations of
letrozole in healthy male volunteers. The safety profile of two formulations had similar characteristics.
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INTRODUCTION

Letrozole is an orally active, reversible
non-steroidal imidazole-based inhibitor of the
aromatase enzyme,” which has proven to be a
useful drug against breast cancer, both in the
metastatic and in the adjuvant and recently
neoadjuvant Settings.Z) Pharmacokinetic  studies
of letrozole have been conducted in healthy
volunteers and in breast cancer patients. After
oral administration, letrozole is rapidly and
completely absorbed (mean absolute
bicavailability of 999 %) and distributed to
tissues. It has a large volume of distribution at
steady-state (1.87 L/kg; range 147 - 3.24) and
~60 % is bound to plasma proteins, mainly to
albumin (55 %). The terminal ti» of letrozole is
42 hours. The terminal t;» was observed to be
longer and AUC greater in patients with breast
cancer than in healthy volunteers, possibly due
to reduction in metabolic clearance. The major
route of elimination of letrozole is metabolism
by CYP450 isoenzymes (CYP 3A4 and CYP
2A6) into an inactive carbinol metabolite.
Steady-state concentrations of letrozole are
reached after 2-6 weeks and maintained for
long periods with no evidence of drug
accumulation. No significant drug interactions
have been reported for letrozole.

The present study was designed to compare the
pharmacokinetic properties, safety profiles, and
relative bioavailahility of generic (test) and
branded (reference) letrozole tablets in healthy
male volunteers.

SUBJECTS AND METHODS

1. Subjects

All enrolled subjects were healthy, male, Korean
volunteers aged 19 to 55 years, who were within
20 % of ideal body weight. None of the subjects had
significant disorders as determined by medical
history and physical examination that included
assessment of vital signs, electrocardiography, and
clinical laboratory tests (hematology, blood
chemistry, urinalysis, and testing for HIV and
hepatitis B virus surface antigens). None of the
subjects had a history of alcohol or drug abuse,
and all had negative urine test results for drugs of
abuse (eg, amphetamines, barbiturates, cocaine,
and alcohol. All
laboratory tests other than pharmacokinetic (PK)

oploids,  benzodiazepines)
analysis were performed at the Department of
Laboratory Medicine, Asan Medical Center, which
has been accredited by the Korean Association of
Quality Assurance for Clinical Laboratories. PK
analysis was performed by the Clinical Trial
Center (CTC) at Asan Medical Center. The
institutional review board of Asan Medical Center
approved the study protocol, and all procedures
were performed in accordance with the Good
Clinical Practice guide]inesS) and the Declaration of
Helsinki and its amendments.” All participants
provided written, informed consent before the
screening test for eligibility.

2. Study designs
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There were 2 treatment periods separated by a
5-week washout period, which is more than 5
times the half-life of 42 hours determined in
previous studies.” Twenty-six eligible men were
randomly assigned to 2 sequence groups in order
of passing the eligibility test using the 11
randomization method before initiation of the
study. A table of random numbers generated by R
version 272 (R Foundation for Statistical
Computing, Vienna, Austria) was used to assign
subjects to receive the test drug or the reference
drug. The test drug was manufactured by Yuhan
Corporation (Seoul, Korea). It was approved for
marketing by Korean Food and Drug
Administration as trade name of Peratra” (Yuhan
Corporation, Seoul, Korea). The trademark of
reference drug was Femara® (Norvatis, Basel,
SWISS).

Participants were instructed not to take other
medications, including over-the-counter and
herbal products, from 2 weeks before study’s onset
(study drug administration day) to the end of the
study and were asked to abstain from smoking
and use of alcohol- and caffeine-containing foods
and beverages from 3 days before the study’s
onset to the end of the study. All subjects were
admitted to the CTC at Asan Medical Center 1
day before dosing and confined until discharge;
they did not eat or drink anything other than
water for at least 10 hours before drug
administration. The study drug was given with
240 mL of water, and fasting continued for an
additional 4 hours after drug administration.
Subjects’ mouths were examined by investigators

after ingestion to guarantee swallowing, and
results were recorded in written source
documents. All subjects received a standard meal
after the 4- and 9-hour time period after dosing.
After all of the scheduled procedures in the first
period were finished, about 24 hours after dosing,
the subjects were discharged from the hospital
and subsequently visited the CTC to assess the
tolerability and PK properties of letrozole, given a
5-week washout period; the same procedure was
repeated with the other formulation until the last
follow-up, 35 days after dosing in the first period.
Subjects returned approximately 7 days after the
last visit for safety profile assessment. All dietary,
smoking, and drug-herbal product restrictions
were maintained throughout the study period.

3. Blood sampling

Blood for PK analysis was drawn via an
indwelling intravenous catheter placed in the
forearm and was transferred into a heparinized
tube. The first 1 mL of blood was discarded, a 6
mL sample was collected, and the cannula was
then flushed with 1 mL of normal saline to ensure
patency. Samples were obtained before dosing and
at 05,1, 15 2, 25,3 35,4, 6,8 12, 24, 48 %6, 168,
and 312 hours after oral administration of 2.5 mg
of letrozole. Samples were centrifuged at 1800 g
for 8 minutes at 4 C, and the plasma was
mmediately placed mnto polypropylene tubes at -
20 C and then transferred to a freezer at -70 C
until analysis.
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4. Measurement of letrozole plasma
concentration

All plasma samples were handled and analyzed
by the CTC at Asan Medical Center using
validated bioanalytical methods.”® Plasma letrozole
concentrations were determined using validated
high—performance liquid chromatography (HPLC;
Symbiosis, Spark Holland Instruments, Emmen,
The Netherlands) coupled with tandem mass
spectrometry (MS/MS; API4000, ABSciex Inc.,
Foster City, CA). Liquid-liquid extraction used
ethyl ether from Fisher Scientific Korea Ltd.
(Seoul, Korea) and employed a method developed
in the analytic laboratory of CTC at Asan Medical
Center. Anastrozole was used as an internal
standard for analytes, which was provided by
Yuhan Corporation. A 20 X 50 mm Shiseido MG
3um column (Shiseido Co., Ltd,, Tokyo, Japan)
was used for chromatographic separation. The
mobile phase consisted of a mixture of acetonitrile
purchased from J. T. Backer, Inc. (Phillipshurg,
NJ) and water [60:40, v/v] with 0.1 % acetic acid
from Merck Korea Ltd. (Seoul, Korea). The flow
rate of mobile phase was 0.2 mL/min at room
temperature, and the injection volume was 10 L.
The tandem mass spectrometry system was
operated with electrospray lonization in the
positive ion mode. This method had a linear
quantifiable range of 0.1 to 50 ng/mL and a ¥ of
0.99 or better. Intra—day precision ranged from
1.63 % to 3.77 %, and inter-day precision ranged
from 0.67 % to 651 %. Accuracy was 83.10 % to
97.34 %. The analyte was stable in human plasma

following 3 freeze-thaw cycles, in plasma after
storage for 24 hours at room temperature, in stock
solution after storage for 6 hours at room
temperature, and in the HPLC autosampler after
storage at 4 C for 24 hours.

5. Pharmacokinetic assessments

The change in plasma concentration of letrozole
in each subject was analyzed by noncompartmental
PK analysis. Noncompartmental PK analysis was
performed with WinNonlin® version 52 (Pharsight
Corporation, Mountain View, CA).” Plasma
maximum concentration (Cray) and time to Cmax
(tmax) Were determined directly from the observed
values. The terminal elimination rate constant (A,)
was estimated by linear regression of the decline
in the log10 plasma concentration of letrozole over
time. The ti»s was calculated for each subject as
In(2)/A,. The individual AUC from time zero to
the specified time after dosing (AUChg) was
calculated using the linear trapezoidal rule. The
AUCy o was calculated as AUCuhq + Cus/As,
where Cis. Was the last measurable concentration.

6. Safety assessments

Adverse events (AEs) were monitored by
asking subjects general health-related questions
at the scheduled physical examinations that were
performed at the study onset and throughout the
study. Vital signs (seated blood pressure, heart
rate, respiratory rate, axillary temperature) were
recorded at screening, predose baseline, 24, 43, 9%,
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168, and 312 hours after dosing and follow—up
visit. An electrocardiogram examination was
performed for screening. Clinical blood tests were
also performed at regular intervals and included
hematologic analysis (red blood cell count,
hemoglobin, hematocrit, platelet count, white
blood cell count), blood chemistry (electrolytes,
hepatic enzymes, renal function parameters,
fasting blood glucose, albumin, cholesterol,
triglycerides, phosphorus, lactic dehydrogenase,
uric acid), and urinalysis. The clinical importance
of AEs and the likelihood that AEs were related
to the study drug were assessed by unmasked
investigators throughout the study. The AEs
were evaluated as ‘not-related if the assessed
AEs were the frequently reported ones in other
aromatase inhihitors.

7. Statistical analysis

The demographic characteristics of enrolled
subjects were summarized using descriptive
statistics. The PK properties of letrozole have
relatively  low  between-subject  variability
(unpublished previous study results, 2008). Hence,
we calculated that a sample size of 10 was needed
to provide >80 % power to detect a geometric
mean ratio of AUC or Coax of >1.20 between the
test and reference formulations. We used a sample

size of 26, considering the potential for dropouts
occurring during the study, since the Korean Food
and Drug Administration requires at least 24
subjects as the minimum sample size for
bioequivalence study.g) ANOVA was performed
on the natural logarithm-transformed AUClast
and Chax values, and a P value of <0.05 was
considered  significant. The ANOVA model
considered sequence, period, and treatment as
fixed factors and subject within a sequence as a
random factor. Geometric mean ratios of test and
reference values for AUCus and Crax Were
calculated. The formulations were assumed
bioequivalent if the 90 % CIs for the geometric
mean ratios of the test formulation to the
reference formulation were 0.8 to 1.25° Statistical
analyses were performed using WinNonlin®
version 5.2 (Pharsight Corporation) and R version
2.72 (R Foundation for Statistical Computing).

RESULTS
1. Study subjects

This bioequivalence study was conducted in 26
adult Korean male volunteers. Table 1 shows the
demographic  characteristics of all enrolled
subjects. Physical examinations before study
onset indicated that all subjects were healthy.

Table 1. Demographics of 26 subjects in letrozole bioequivalence study

Characteristics Mean SD
Age, years 281 44
Height, cm 1743 53
Weight, kg 69.1 72
BM, kg/m’ 27 18

* Abbreviations: BMI, body mass index, SD standard deviation.
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Table 2. Pharmacokinetic results of the two letrozole formulations

Pharmacokinetic parameters

Yuhan Letrozole (Test)

Femara® (Reference)

Mean + SD Mean + SD
AUCo g, NQ-Nr/mlL 2009.15 £ 80543 2079.69 + 879.11
Crmax, NG /ML 3518 £ 6.75 3833 + 6.86
trnax”, N1 1501 ~ 4 1505 ~ 4)
Vi/F, L 93.7 + 191 949 + 144
CL/F, L/hr 13 £ 05 13 £ 05
tiop, I 56.95 + 2927 5897 + 3343

* median (range).

There were no withdrawals during the study
period.

2. Safety properties

There were no serious or unexpected AEs
during the study. A total of 21 AEs were
reported (14 using the test formulation, 7 using
the reference formulation) in 9 of the 26
These AEs abdominal
discomfort (n=2), nausea (n=1), dizziness (n=1),
asthenia (n=1), ankle sprain (n=1), abnormal
laboratory test values (n=8) in test formulation,

participants. were

and upper respiratory infection (n=2), diarrhea
(n=1), headache (n=1), abnormal laboratory test
(n=3)
respectively.  Abnormal laboratory test values

values in reference formulation,

(a) Linear Scale

i
3

Plasma concentrations (ng/mL)

TTT T T T T T
0612 24 48 168 312

Time (h)

-<- Femara 2.5mg
—e— Yuhan Letrozole 2.5mg ©

were 1 “blood hilirubin increased”, 1 “blood
triglyceride increased”, 1 “blood creatine kinase
increased”, 1 “blood lactate dehydrogenase
increased”, 1 “blood aspartate transaminase
increased”, 1 “blood alanine transaminase
increased”, 1 “blood calcium increased”, 1
“urinary occult blood positive” in test
formulation, and 1 “blood bilirubin increased”, 1
“blood triglyceride increased”, 1 “blood creatine
kinase increased” in reference formulation,
respectively. In all cases, subjects experienced
full recovery. All AEs were mild and were
considered unrelated to the administration of the

study drugs.

3. Pharmacokinetic properties

(b) Semi-logarithmic Scale

- o

-<- Femara 2.5mg
—e— Yuhan Letrozole 2.5mg

1 0

1 1

.
/ A

TTT T T T T T
0612 24 48 168

Time (h)

Figure 1. Plasma letrozole concentration (mean and standard deviation) versus time after a
single 2.5 mg oral dose in 26 healthy male subjects.
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Figure 1 shows the mean plasma concentration
-time curves of the 2 formulations following a
single 2.5-mg dose, and Table 2 shows the values
of the PK parameters for the test and reference
formulations. Both formulations had very similar
AUC, Ciax, and tmax values.

ANOVA test indicated no significant effect of
sequence, period, or formulation on the PK results
(data are not shown). The point estimates for the
geometric mean ratios of the test and reference
formulations were 1.01 (90 % CI, 0.93 - 1.04) for
AUCist and 092 (90 % CI, 0.85-0.99) for Cuax
(Table 3). This meets the Korean regulatory

. . . . 8
criteria for assuming bioequivalence. )

DISCUSSION

The current study of healthy male volunteers
indicated that a 25-mg generic formulation of
letrozole met the regulatory requirements for
assuming bioequivalence to the reference
formulation. Overall, both formulations were well
tolerated, and there were no serious AEs. There
were also no significant differences in the safety
profiles between the test and reference
formulations.

The terminal elimination half-life of letrozole

was about 58 hours in this study, and this value

is a little longer than previous study value (42
hours) but the washout period of 5 weeks in this
study 1s appropriate to exclude the carryover
effect. The tmax of both letrozole formulations was
about 1.5 hours from single dose administration,
and it is similar with other reported values (about
2 hours).”

The AEs were predominantly mild in intensity,
and no serious AEs were reported. The headache,
dizziness, vomiting, elevated blood alanine
transaminase, and elevated total blood bilirubin
reported in the present study are frequently
reported with other aromatase inhibitors.*"”

This study was conducted in healthy male
subjects, although letrozole is prescribed mostly
to postmenopausal women. This study was
focused on the comparative bioavailability of the
2 formulations. We assumed that there was no
formulation-gender interaction, which means that
although there are differences in the PK
properties of letrozole between females and
males, these differences apply in the same way
in both formulations. Notably, bioequivalence
studies for other drugs mainly for women were
also conducted in male subjects. Our comparison
of 2 letrozole formulations enrolled subjects using
strict selection criteria, randomly assigned the

subjects to different treatment sequences, and

Table 3. Geometric mean ratios and 90 % confidence intervals for AUC.s and Crax in test (Yuhan
Letrozole) and reference (Femara®) formulations in healthy male volunteers

Geometric Mean Ratio
(Test/Reference)

Pharmacokinetic Results

90% Confidence Intervals
for Geometric Mean Ratio

AUC\ast 1.01
Crax 092

097 ~ 104
085 ~ 09
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employed a 2X2 crossover design. These
procedures reduced the potential confounding
effects on the evaluation of the 2 formulations.
Thus, our study results reflect the characteristics
of the formulation itself; we can reasonably
assume that the comparative bioavailability in
this study would also be applicable to female
patients. In conclusion, the results of this study
(Peratra”;  Yuhan

Corporation) and reference (Femara®; Norvatis)

suggest that the test

formulations had similar PK characteristics and
similar plasma-concentration time profiles. The
test formulation of letrozole met the Korean
regulatory criteria for assuming bioequivalence to

reference formulation in AUC and Cpax.
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