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‘Dear Dr. Leonard and Messrs. Rngms, Safir, Cunningham, Sporn, Parker, Fox, and

This letter responds to two citizen petitions subrnitted to the Food and Drug
Administration (FDA) concerning the appropriate bicequivalence methedalogy and
approval standards for abbreviated new drug applications (ANDAs) for levothyroxine




sodium tablets. King Pharmaceuticals, Inc., and its subsidiary Fones Pharma Inc.
(hereafter Jones) submitted a petition dated March 28, 2003, and submitted a supplement
to that petition dated March 16, 2004, Abbott Laboratories { Abbott) submitied & petition
dated August 25, 2003, and submitted supplements to that petition dated December 22,
2003, January 9, 2004, February 9, 2004, February 25, 2004, April 15, 2004, and June 4,
2004. Jones asks FDA to:

e Refrain from approving or accepting for filing any ANDAs or supplemental
ANDAs for levothyroxine sodium tablets that attempi to establish
bicequivalence to any reference drug using the bioavailability standards set
forth in FDA’s February 2001 guidance Levothyroxine Sodium Tablets — In
Vive Pharmacokinetic and Bioavailability Studies and In Vitro Dissolution
Testing (BA guidance) or the bioequivalence standard announced by FDA at
the March 12-13, 2003, meeting of the Pharmaceutical Science Advisory
Committee

Convene a joint meeting of the Pharmacewtical Science Advisory Committee
and the Endocrinclogic and Metabolic Drugs Advisory Committee (o
evaluate, in 2 public forum, appropriate methodologies for establishing
bicequivalence between levothyraxine tablet drug products

Stay approval or acceptance for filing of any ANDA or supplemental ANDA
for levothyroxine tablets basing bicequivalence on the standards set forth in
the BA guidance or the methodology announced by FDA at the March 12-13,
2003, meeting of the Pharmaceutical Science Advisory Committee until the
joint advisory cominittee meeting has convened, FDA has esiablished a new
bicequivalence methodology consistent with the petition, and bicequivalence
studies in accordance with the new methodotogy have been submitted; or,
until FDA responds to the petiticn

Abbaott asks FDA to:

» Immediately halt the use of FDA’s hinequi#a]encc methodology in teviewing
any ANDAs or supplemental new drug applications (NDAs) for levothyroxine
sodium tablets that seek a therapeutic equivalence rating to Synthroid

Halt review of any pending applications that rely on FDA's bioequivalence
methodology or any other methodology that has not been shown to be
sufficiently sensitive to distinguish levathyroxine products that may differ by
clinically relevant amounts

Refer the issue of the proper bioequivalence methodology for levothyroxine
produicts to an appropriate advisory committee, with joint representation from
the Pharmaceutical Science Advisory Committee and the Endocrinologic and
Metabolic Drugs Advisory Committee




e Establish through a public process consistent with good guidance practices the
most accurate and sensitive methodology available for demonstrating the
equivalence of levothyroxine products, including a valid method for
addressing baseline levels of endogenous hormone and valid statistical criteria
that take into account the narrow therapeutic range of levathyroxine sodium

For tha reasons that follow, both petitions are dended.
I. Background Concerning Levothyroxine Sodium Products and the Petitions

Levothyroxine sodium is the sodium salt of the levo isomer of the thyreid hormone
thyroxine (T4). Thytoid hormones affect protein, lipid, and carbohydrate metabolism,
srowth, and development. They stimulate the oxygen consumption of most cells of the
body, resulting in increased energy expenditure and heat production, and possess 2
cardiostimulatory effect that may be the result of a direct action on the heart.

Levothyroxine sodium was first introduced into the market before 1962 without an
approved NDA, apparently in the belief that 1t was not 2 new drug. Orally administersd
levothyroxine sodium is used as replacement therapy in conditions characterized by
diminished or absent thyroid function, such as cretinism, myxedemna, nontexic goiter, or
hypothyroidism. The diminished or absent thyroid fanction may result from functional
deficiency, primary atrophy, partial or complete absence of the thyroid gland, or the
effects of surgery, radiation, or antithyroid agents. Levothyroxine sodivn may also be
used for replacement or supplemental therapy in patients with secondary (pituitary) or
tertiary (hypothalamic) hypothyroidisim,

From 1987 io 1994, FDA received at least 58 adverse drug experience reports about
levothyroxine sodium drug products, half of which involved prescription refills for
patients who had used the products for many years. Ir addition, from 1990 unt:] 1997,
there were at least 10 recadls of these products for inadequate content uniforrnity,
subpotency, and/or stabilicy failures. Because of these potency and stability problems,
FDA published a notics in the Federal Register of August 14, 1997 (42 FR 43335),
declaring levothyroxine sodium 2 “new drug” and requiring NDA submissions for all
currently marketed and any fusure-levothyroxine sodium products.

FDA approved the first levothyroxine sodium NDA on August 21, 2000, for Jerome
Stevens Pharmaceutical’s Unithroid product. FDA has approved six other NDAs for
levothyroxine sodium since that time. FDA approved Jones’ NDA for Levoxyl on May
25, 2001, and Abbott’s NDA for Synthreid on July 24, 2002. FDA also approved
Mylan's ANDA with an AB rating to Unithroid oa June 5, 2002. FDA did not approve
any other ANDAs for levothyroxine sodium prior to issuing this response to the citizen
petitions. '

On May 8, 2002, Abbott submitted a request for a meeting to Dr, David Crloff, Director,
Division of Metabolic and Endocrine Drug Products (DMEDP}, Center for Drug
Evaluation and Research (CDER), FD A, and other CDER officiais, The company




requested that these officials meet with Abbott to discuss the results of its simulation
study, the suitability of the current bicequivalence vequirements for levothyroxine
sodium, and the potential impact on public health and patient care resulting from FDA's
bicequivalence standard for levothyroxine sodium products. Dr. Orloff denied Abbort’s
request for a meeting as premature and requested that Abboit submit the full report of its
study results for DMEDP's consideration. Abbott submitted this report an October 10,
2002. Abbott’s study used baseline correction to account for naturally occurming levels of
levothyroxine (T4) in patients who took Synthroid. In its October 10, 2002, letter, Abbott
relied on the siudy to challenge FDA's bicequivalence method because FDA’s method
for determining bioavailability did not use any baseline correction.

Dr. Orloff responded to Abbott by letter dated January 14, 2003. Dr. Orloff explained -
that DMEDP agreed with Abbott that baseline correction would improve the accuracy of
bioequivalence tasting for levothyroxine soxdium products. Thus, Dr. Orloff concluded
that FDA would adopt one of those methods tested by Abbott in its study.

Abbott then natified Dr. Robert Meyer, Director, Office of New Drug Evaluation il
(ODE I}, CDER, by etter dated February 12, 2003, that Abboft was appealing Dr.
Orloffs decision under FDA’s dispute resolution procedures. Abbott argued that the
waseline correction method selected by FDA was still inadequate. On February 13, 2003,
Abbott presented the resujts of its study at a meeting with various officials from CDER's
Office of Generic Drugs and Office of Pharmaceutical Science.

Tn a letter dated March 7, 2003, Dr. Meyer affirmed Dr. Orloff’s decision and denied
Abbott's appeal. Dr. Meyer concluded that FDA's method of baseline correction was the
most appropriate of the methods tested in Abbott's study to establish bioequivalence for
levothyroxine products. On March 13 and 14, 2003, the Advisory Committee for
Phartnaceutical Science met to discuss bioequivalence methods for endogenous drugs.
FDA officials announced at the meeting the baseline correction methed for

bioequivalence tests of levothyroxine sodium drug products, as described by Drs. Meyer
and Orloff in their letters to Abbott. Abbott representatives discussed the results of its

Study M02-147 ai the meeting.

Jones Pharma submitted its citizen petition dated March 28, 2003, challenging FDA's
bioequivalence methad for levothyroxine sodium products. Abbott then appealed Dr.
Meyer's decision by letter dated April 4, 2003, to Dr. John Jenkins, Director, Office of
New Drugs, CDER. By letter dated May 15, 2003, Jane Axelrad, Associate Director for
Policy, CDER, requestad that Abbott withdraw its appeal and submit a citizen petition
instead chalenging FDA's biceguivalence method because the mater would be more
appropriately resolved in z public forum. Abbott agreed and submitted its citizen petition
dated August 23, 2003, '

II.  Summary of Statutory Basis for ANDA Approval amd Relevant Regulations

The Drug Price Competition and Patent Term Restoration Act of 1984 (the Hatch-
Waxman Amendments) created section 505(j) of the Federal Food, Drug, and Cosmetic




Act (the Act) (21 U.5.C. 355(j)}, which established the current ANDA approval process.
Ta gain approvat, an ANDA must show, among other things, that the generic version has
the same active ingredient in the same strength and dosage form, that it has the same
labeling (with certain limited exceptions), and that it is bioequivalent to a listed drug (i.e.,
a previously approved drug product). 21 U.S.C. I55()ZHAY; 355(j)(4). The scientific
premise underlying the Hatch-Waxman Amendments is that drug preducts that are
pharmaceutically equivalent and bioequivalent are, therefore, therapeutically equivalent,

and may be substituted for each other.
FDA regulations define pharmaceutical equivalents as follows:

Pharmaceutical equivalenis means drug products in identical dosage
forms that contain identical amounts of the identical active ingredient, i.e.,
the same salt or ester of the same therapeutic moiety, [but] do not
necessarily contain the same inactive ingredients; and meet the identical
compendial or other applicable standard of identity, strength, quality, and
purity, including potency and, where applicable, content uniformuty,
disintegration times, and/or dissolution rates. 21 CFR 320.1(c).

In addition, under the Hatch-Waxman Amendments and FDA regulations, a generic drug
product is bicequivalent to the reference listed drug if

the rate and extent of absorption of the drug do not show a significant
difference from the rate and extent of ahsorption of the listed drug when
administesed at the same molar dose-of the therapeutic ingredient under
similar experimental conditions in either a single dose or multipte

doses. ... 21 U.8.C. 355()(8XB)(1)); see also 21 CFR 320.1(e) and 320.23(b).

FDA regulations at 21 CFR part 320 establish acceptabie methodologies for determining
the bicequivaience of drug products. The courts have expressly upheld FDA's reguiatory
implementation of the Act’s bicequivalence requirements. See, e.8.. Schering Corp. v.
FDA. 51 F.3d 390 at 397-400 (3td Cir. 1995); Fisons Corp. v. Shalala, 860 F. Supp. 859

{DD.C. 19%4).

Based on these statotory and regulatory requirements, FDA classifies as therapeutically
equivalent those products that meet the foltowing general criteria: (1) they are approved
as safe and effective; (2) they are pharmaceutical equivalents in that they {a) contain
identical amounts of the same active drug ingredient in the same dosage form and rouie
of administration, and (b) meet compendial or other applicable standards of strength,
quality, purity, and identity; (3) they are bicequivalent in that (a) they do not present a
known or potential bivequivalence probiem, and they meet an acceptable in vitro
standard, or (b} if they do present such a known or potential problem, they are shown 10
meet an appropriate bioequivalence standard; {4) they arc adequately labeled; and (5)
they are manufactured in compliance with current good manufacturing practice
regulations. FDA's Approved Drug Products with Therapeutic Equivalence Evaluations

(the Orange Book), Preface at viii,



III. Reguiatory Requirements for Content and Format of Levothyroxine Sodium
ANDAs

To obtain approval of an ANDA, such as for levothyroxine sodium, an applicant must

demonstrate that the generic drug product is therapeutically equivalent to its reference
listed drug and thus may be substituted for the reference listed drug. An ANDA applicant

must submit extensive evidence 1o support a finding of therapeutic equivalence.
Demonstrating bioequivalence is only one part of that evidence.

FDA’s regulations at 21 CFR 314.94 describe the numerous requirements for the content
and format of an ANDA. In addition to bioequivalence requirements, this provision sets
forth other requirements concemting the physical and chemical nature of a generic
product, as described below.

First, the generic drug product must be the same as its reference listed drug in that it must
contain the same active ingredient, use the same route of administration, be in the same
dosage form, and be of the same strength, 21 CFR 314.94(a)(5) and (6). These
requirements ensure that the generic drag product is the same drug in the same strength
as its reference listed drug.

Second, a generic applicant for a solid oral dosage form such as levothyroxine sodium
may use inactive ingredients different from those used in the reference listed drug.
Howsver, the applicant must identify and characterize the inactive ingredients in the
proposed drug product and provide information demonstrating that these inactive
ingredients do not affect the safety or efficacy of the proposed drug product. 21 CFR
314.94(a)9).

Third, an ANDA applicant must submit the same chemistry, manufacturing, ang controls
(CMC) information as required in an NDA, The required CMC information includes,

among other things:

A full description of the drug substance including its physical and chemical
characteristics and stability; the name and address of its manufacturer; the method
of synthesis (or isolation) and purification of the drug substance; the process
controls used during manufacture and packaging; and such specifications and
analytical methods as are necessary to assure the identity, strength, quality, and
purity of the drig substance and the bicavailability of the drug producis mads
from the substance, including, for example, specifications relating to stability,
sterility, particle size, and crystalline form,

A list of all components vsed in the manufacture of the drug product (regardless
of whether they appear in the drug product); a statement of the composition of the
drug product; a statement of the specifications and analytical methods for each
component; a description of the manufacturing and packaging procedures and in-
process controls for the dmg product; the specifications and anal ytical methods




needed 1o assure the identity, strength, quality, purity, and bicavailability of the
drug product, including, for example, specifications relating to sterility,
dissolution rate, containers and closure systems; and stability data with proposed

axpiration dating.
21 CFR 314.50(d)(1).

These CMC requirements provide substantial assurance that the quality of the genenic
product (that contains the same active ingredient #s the reference product) will be equal

to that of the reference listed drug.’ :
IV. Biocequivalence Testing for Generic Levothyroxine Sodlum Drug Products

As can be seen from the extensive list of requirerments enumerated in sections IT and ITI
above, bioequivalence testing is only part of the evidence that ensures that the generic
drug product is the same as its reference listed drug. Bioequivalence testing is conducted
in support of an ANDA submission to confirm that the generic and reference listed drug
products, which contain the same active ingredient and are pharmaceutically equivalent,
will perform similarly in the buman body. Biocequivalence lesting verifies that the active
ingredient in a generic drug product will be absorbed into the body to the same extent and
at the same rate as its corresponding reference listed drug product.

Bioequivalence studies are not only performed as part of the ANDA process, but also

conducted by innovators to confirm equivalence between formulations when it is
necessary 1o make manufacturing and‘or formulation changes. For example, often the
marketed drug product is different in formulation or method of manufacture from the
product used in the pivotal chinical trials of safety and efficacy used to support the NDA.
These differences may be the result of formulation changes necessary 1o scale up
praducticn from 2 stnall-scale {laboratory) size to a larga-scale (commercial) size. After

1FDa’s puidance for industry on Levothyroxine Sodium Products Enforcement of August 14, 200,
Compliance Date and Submission of New Applications states that the finished levothyroxing sodium
product should be formulated to contain 100 percent of the isbeled claim of the active ingredient when the
product is released.

Tn addition to the application standards described above, the United States Pharmacopeia (USP) seis forth
atandards for the content of levothyroxine sodium drug products, as for most other drug products. The USP
permits a levothyrexine sodium dnag product to contain from 90 to 110 pervent of the laheled dase.
Although FDA recommands that Tevothyroxine sodium products contain 100 percent of their labeled claim
of active ingredient at the time of release, the USP ranpe accounts for the natural fluctuations in the potency
of drug products resulting from the pumerous complexities ivolved in pharmaceutical marufacturing.
These variations in potency are considered a naturat part of the manufacturing process. This USP standard
is the same whether the levothyroxine sodium product was approved snder an ND A or uader an ANDA.
This, to the extent there is a range of variation in the amounk of active ingredient in levathyroxine sodium
products, the permitted range is no different for an innovator product than for a generic product. The UJSP
also sets forth a standard for the i vito dissolution of levathyroxine sodiumn tablets. Innovator and generic
products must satisfy the same standards.




approval, the innovator may modify the scale of preduction runs, squipment,
manufacturing process, formulations, dosage forms, ingredient specifications, source of
supplies, and method of synthesis of the active ingredient. In these cases, the marksted or
reformulated product must demonstrate bicequivalence to the original formulation to
confirm that the safety and efficacy of the produet with the new formulation is the same
as that of the product with the original formulation. Thus, the bioequivalence studies that
generic companies must conduct to support an ANDA are the same as the bioaquivalence
studies that innevator companies must submit {o an NDA to support fermulation or

manufacturing changes.

The design FDA recommends for a bicequivalence study of levothyroxine sodium
products is consistent with FDA’s general recommendation for bioequivalence testing of
orally-administered drug products, whether conducted in support of an ANDA or NDA2
FDA recommends that a bioequivalence study of levothyroxine sodium products be
performed using a single-dose, fast, two-reatment, two-sequence Crossover design with
at least a 35-day washout period between treatments. In a crossover siudy, study subjects
receive the test (generic) and reference (innovator) products in separate sequences {either
test before reference or reference before test), with a period between treatments of no
drug administration (the "washout” period). The 35-day washout peried is recomumended
because of the long half-life of levothyroxine. This period ensures that levothyroxine
from the previous dose is cleared from the body before the second dose is administered.
FDA recommends that the study be conducted in healthy subjects, usually 24-36 normal
adults, As explained in section VI below, three initial plasma concentration
measurements should be taken before dosing with the test and reference products to
establish the baseline of endogenous levothyroxine for each study subject. FDA
recommends that single doses of the test and reference drug products be administered to
the subjects during the respective treatment phases, and the plasma comentrations of the
drug be measured over time. FDA recommends that applicants use a 600 microgram
(mcg) dose of levothyroxine sodium. A 600 meg dose achieves plasima concentrations
well above the baseline levels in study subjects. For each subject, the mean of the three
pre-dose measurements should be subtracted from the post-dose plasma levothyroxine
levels prior to calculation of the various pharmacokinetic parameters to correct for the

presence of endogenous levothyroxine.

Tao evaluate the rate and extent of levothyroxine absorption, the measured plasma
concentrations for each subject should be plotted graphically against tme of
measurement. The graph depicts the plasma sampling time on the horizontal (x) axis and
corresponding plasma drug concentration on the vertical (y) axis. The relevant
pharmacokinetic parameters calculated from these data include the “area under the
plasma concentration vs. time curve” (AUC), caleulated to the last meastred
concentration time (AUCs,), and AUC extrapolated 10 infinity (AUCe). These
parameters represent the extent of absorption (i.e., how much of the drug in the given
dose was absorbed). The other relevant pharmacokingtic parameter is the maximurm or
“peak” drug concentration {Cmax). Cmax is used to reflect the rate of absorption.

2 Guidance for industry on Biswvailability and Bisequivalence Studies for Oratly Administered Drug
Products — General Considermions (General Consideraons guidance).




It is important to analyze the pharmacokinetic parameters statistically because of the
variability inherent in human subjects. This variability means that if the same subject
receives the same drug product on two different occasions, the resulting plasma
concentrations will not be exactly the same. Because of this inherent variability, it is
possible that if a single individual takes two different products on separate nccasions,
there may be a memsurable difference in the pharmacokinetic parameters. In this
situation. it is not clear whether this difference is the result of a difference between the

products, or the reselt of variability in the individual’s endogenous hormnone levels.
Thus, FDA recommends that ANDA or NDA applicants use statistical methods to
estimate more accurately those differences in pharmacokinetics that result from the two

product formulations.

When considering the results from bioequivalence studies, it is important to understand
what statistical tests are used and how FDA uses the results of these statistical tests to
determine whether two products are bioequivalent. To understand the statistical tests for
bicequivalence, one must first understand the relevant statistical termns, particularly the
definition of “mean” and “confidence interval,” The statistical term “mean’ is frequently
used in describing bicequivalence study results, The mean is the average of all the
differences in pharmacokinetic values observed in the small group of study subjects.

A “confidence interval™ is used 1o address the factor of variability. Just as there is
variation in pharmacokinetic values within an individual at different treatments, there is
also variation in these values between treatment groups. Thus, if the same
bioequivalence study is repeated in another smail group of subjects, the second study’s
mean may be different from the first study’s mean. Therefore, FDA defines a
“confidence interval” to provide greater assurance that a single stedy’s mean reflects
accurately the results for other study groups. Essentially, the confidence interval
provides an estimated range that is likely to contain the mean if the drug were given o
the entire population. A confidence interval specifies the preferred degree of
“confidence” {i.e., hikelihood) that the estimate accurately reflects the resuits for the
entire population.

In analyzing bioequivalence studies, FDA siways uses a 90 percent confidence interval.
For example, the ratio of the mean AUC or Cmax values for a small study (reflecting the
average difference between the test and reference products for all of the study subjects) -
could be 99 percent. Furthermore, a statistical analysis of the data could determine that
the 90 percent confidence interval for this smatl study is a range of %0 percent to 110
percent in the ratio of pharmacokinetic values. This confidence interval shows that for
the entire population, the ratic of the mean AUC or Cmax betweea test and reference
products is likely (with a 90 percent probability) to be between 90 pecent and 110
percent. If the small study used a greater munber of subjects to more accurately reflect
the general population's results, then the 90 percent confidence imterval would be smaller
(i.e., a smaller range of the possible pharmacokinetic values in the general population,

such as 95 t¢ 105 percent},




FDA determines whether a study shows that two products are bicequivalent based on the
confidence interval and not on the mean value of the study. The results of a study are
expressed as a confidence interval for the ratio of test to reference products. To decide
whether two products are bicequivalent, the calculated confidence interval is compared to
an acceptance interval. The acoceptance interval {also referred to as acceplance limits} is

* axpressed as two numbers that provide upper and lower limits on the confidence interval,
If the confidence intarval is contained within this acceptance interval, then FDA
concludes that the study demonstrates bioequivalence; if not, then the study does not
demonstrate hicequivalence. The acceptance interval is a fixed standard, while the
confidence interval is determined frone the data in a particular study. '

FDA considers that products are equivalent when the 90 percent confidence intgrvals for
pharmacckinetic parameters are entirely. within an 80 percent 1o 125 percent acceptance
interval. The choice of the 80 to $25 percent acceptance interval reflects decades of
scientific data on the variability of product characteristics (such as potency) within and
between batches, as well as biclogicat variability in patients. From these data, FDA
concluded that the variability in pharmacokinetic vatues allowed under this acceptance
interval would not adversely affect ciinical outcomes, because this variability is within
the range of differences that can siready arise due to other product specific and biological
factors.” FDA has not found any clinical problems resulting from the thousands of drug
products approved with passing bioeguivalence results based on the current criteria.

I is important to note that the 80 to 125 percent boundaries are acceptance limits for the
confidence interval and not a judgsnent about the acceptable mean differences between
test and reference products. The sample mean pharmacokinetic values for the test and
reference products kie at the center of the confidence interval, Because this confidence
interval must fatl within the 80 to 125 percent boundaries, these statistical criteria limit
the acceptable range in which the mean values can stray from the 100 percent ratic. The
actuz]l mean differences FDA found for drugs tested and anafyzed under this statistical
procedure were much smaller than the 80 to 125 percent boundaries. In the 1980s, FDA
reviewed 224 bioequivalence stucdies that passed the 80 to 125 percent criterion.” In these
studies, the observed mean difference in AUC between the brand name and the generic
product was approximately 3.5 percent. This analysis was repeated for the 127
biosquivalence studies conducted for generic drugs approved in 1997.° The average
obsetrved difference in AUC in these studies was approximately 3.3 perceat.

Figure 1 below is provided to graphically illustrate the relationship between the mean
value obtained from a bioequivalence study, the 30 percent confidence interval for that
biceguivalence study, and FDA's acceptance limits of 80 to 125 percent. The center of

? Dighe, S.V., and Adams, W.P., “Bicequivalence: A United Stams Regulatory Perspective,”™ in:
Pharmaceutical Biceguivalence (Welling P.G. et al., eds.), pp. 347-380, 1991,

4 Nightingale, 5., and J.C. Morrison, "Generic Drugs and the Prescribing Physician,” JAMA, 253:9, Sept. 4,
1587,

* Henney, 1.E., “Review of Generic Bioequivalence Studies,” JAMA, 282:21, Dec. 1, 1999.
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each box is the mean value from a bioequivaience study, while the sntire box represents
the confidence interval from the same biceguivalence study. Because the 80 to 125
percent acceptance limits are bounds on the confidence intervals, the mean values from
the passing bicequivalence studies must be closer to 100 percent. The figure illustrates
that the actnal mean differences between test and reference listed products will be much
smaller than FDA's bioequivalence acceptance criterion of 80 to 125 percent.

Figure 1. Hypothetical results from bioequivalence (BE} tests for approved generic drugs

Hypothetical Passing BE Results

e -
A e

T80%  125%
Test Product/Reference Product (%)

V.  Abbott’s Study M02-417

Abbott’s Study M02-417 submitted in support of Abboti’s petition was a three-way
crossover study using 33 healthy subjects. Each subject recetved doses of 400, 450, and
600 mcg of levothyroxine sodium in random order, Plasma levels of both T4 and TSH
were measured until 96 hours after dosing. Between each treatment period there was a
washout period of 44 days or 53 days.

When Abbott anaiyzed the data without using baseline correction to subtract endogenous
tevels of T4, the 400, 450, and 600 mcg doses were all found to be bicequivalent to each
other. Abbott then concluded that the data should be baseline corrected.

Abbott anatyzed the T4 data in its study using three baseline correction methods:

Method 1: The pre-dose baseline value of T4 on the day of dosing was

- subtracted from each post-doss concentration. The pre-dose baseline value was
calculated as the average of the three concentrations measured at 0.5, -0.25, and
0 hours prior to dosing in each penn-d

- Method 2: For each time of post-dose sampling, the ohserved concentration was
corrected assuming that the endogenous T4 baseline level at 0 hours declines
according te a kalf-life of 7 days.

11




Method 3: Subjects’ T4 concentrations were sampled repeatedly for 24 hours
before dosing. The T4 concentration for each time of post-dose sampling was
corrected by subtracting the concentration observed at the same time of day
during the 24 hours preceding the dose:

When baseline correction Method 1 was used, the 400 and 450 mcg doses could both be
distinguished from the 600 mcg dose in bicequivalence resulis, but they could not be

distinguished from each other.

V1. . Baseline Correction Makes Biocequivalence Results for Levothyroxine
Sodium Products More Rigorous

As explained in detail below, FDA’s bicequivalence methodology for levothyroxine
sodium drug products uses baseline correction to make the comnparison between twa drug

producis.

Levothyroxine sodium is the sodium salt of the levo isomer of the thyroid hormone
thyroxine, more commonly called T4, T4 is the active ingredient in levothyroxine
sodium drug products. The T4 in the body that comes from a levothyroxine sodium drug
product (exogenous T4) and the T4 that is produced by the bedy itself (endogenous T4)
are identical. Therefore, when the plasma level of T4 is measured in a bioequivalence
study that compares two levothyroxine sodiurm products, there is no way to determine
what amount of T4 was contributed by the drug products and what amount was-already

present in the body.

In a pharmacokinetic study, baseline correction is a way of estimaring the amount of
endogenous drug and subtracting that amount from the total plasma or blood level of the
measured pharmacokinetic parameter. Specifically, in 2 bicequivalence study comparing
two levothyroxine sodium products, baseline correction provides an estimate of the
amount of endogenous T4 and subtracts that amount from the total measured plasma
leveis of T4, By subtracting the estimated amount of endogenous T4, the bicequivalence
comparison more closely reflects the difference between the two drug products.

In the human body, a feedback system regulates thyroid hormone praduction. In this
system, when T4 ievels increase, endogenous production of T4 decreases, and when T4
levels decrease, endogenous production of T4 increases. From what we know about that
feedback system, it is clear that introducing relatively large amounts of exogenous T4
(from a levothyroxine sodium drug product) would have some effect in decreasing the
bedy’s production of endogenaus T4, However, there is no scientific data to
quantitatively determine the size of this effect. Accordingly, any method of baseline
correction applied to the results of a bioequivakence study comparing levothyroxine
sodiumn products must make an assumption about the effect of exogenous T4 on the
body’s production of T4.




Abbott’s study presented three methods of baseline correction. Each of these methods
makes a different assumption about the effect of axogenous T4 on the body’s production

of T4.

Abbott’s Method 1 assumes that exogenous T4 has no effect on the level of T4
naturally produced in the body; thus baseline levels of T4 measured prior to
dosing are the same as baseline levels of T4 after dosing. For this method, Abboit
corrected the posi-dose plasma level data by subtracting the average of three pre-
dose measurements of T4.

Abbott's Method 2 assumes that exogenous T4 completely suppresses the natural
T4 production in the body. The rate of elimination or removal of T4 is well
known and expressed in the product labeling as the haif-life (the time for half the
T4 present to be removed). If the exogenous dose of T4 stops the endogenous
production of T4 and elimination continues, the baseline levels of T4 will
decrease after dosing. Using the half-life and the measured pre-dose
concentration, the new baseline can be estimated at each sampling time. Abbott
corrected post-dose plasma level data by subtracting the estimated baseline
concentrations of T4 from the measured levels of T4,

Abbott’s Method 3, like Method 1, assumes that exogenous T4 has ne effect on
the level of T4 naturally produced in the body, and thus baseline levels of T4 for
24 hours before dasing would be the same as the levels for 24 hours after dosing.
Method 3 was based on multiple measurernents of baseline T4 throughout a 24-
hour period prior to dosing. These baseline values wers subtracted from the
values at the same time points that were measured after dosing.

Based on its review of Abbott's study, FDA adopted baseline correction as part of
its bioequivalence methodology for the approval of generic levothyroxine sodium
products. Baseline correction of bioeguivalence comparisons of levothyroxine
sedium products is appropriate for the following reasons. First, bicequivelence is
defined as the absence of a significant difference in the rate and sxtent to which
the active ingredient or active moiety becomes available at the site of drug action
when administered at the same molar dose under similar conditions in an
appropriately designed study. See 21 U.S.C. 355(){(8)(RXi); 21 CFR 320.1{e)
and 320.23(b). As applied to levothyroxine sodinm products, this definition
requires FDA to determine whether thers is a significant difference between the
exogenous T4 from these drug products in order 1o evaluate bioequivalence.
Comparisons of total T4 concentrations that also include endogenaus T4 do not
reflect the rate and extent of abscrption of the drug solely from the drug
product.

Second, as supported by Abbott's study, the presence of endogenous T4 biases the results
of a bicequivalence comparison in favor of demonstrating equivalence. When baseline
levels are included in these comparisons, the difference in T4 that is attributable to the
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differance between the two drug products is a smaller percentage of the total measured
difference in T4. When baseline levels are subtracted from the data, however, the

. same difference in T4 that is attribusable to the differsnce between the two drug products
becomes a much larger percentage of the biosquivalence comparison. For example, if a
hypothetical endogencus drug has an AUC of 100 total units for the reference product
and 99 total units for the test product, the difference between the two products would
appear to be | percent. I these total values were then adjusted for the endogenous
amount of 90 units, this amount would be subtracted from the 100 total units for the

" reference product and 99 total units for the test product. Thus, with baseline correction,
the real difference between the products would be calculated as 10 percent (10 remaining
units for the reference product compared 1o 9 remaining units for the test product).
Therefore, two products are less likely to be found equivalent with baseline correction,
because the larger the baseling amount that is subtracted, the more difficult it is for the

products to pass the test.

FDA evaluated the three methods of baselime correction and concluded that the
bicequivalence results in Abbott’s study were similar {i.e., closely aligned values) for
these three methods, FDA chose Method 1 as part of its bioequivalence methodology for
levothyroxine sodium because it is both the most conservative methed (i.e., most difficult
to demonstrate bicequivalence) and requires the least rumber of blood draws from study
subjects. The baseline T4 levels subtracted from total T4 results in Method 1 are higher
than with Method 2 and similar to Method 3. Subtracting more AUC from
bioequivalence results makes it harder for two products to demonstrate bioequivalence.

In summary, FDA’s bioequivalence methodology inctudes measuring baseline levels of
endogenous T4 using three pre-dose samples. The mean of these three measurements is
subtracted from the post-drug levels of the various pharmacokinetic parameters to correct
for the presence of endogenous T4.

VIL.  Abboti’s Study Does Not Demonstrate That FDA’s Bicequivalence Method
Will Allow the Approval of Products That Differ by 12.5 Percent

The petitioners assert that FDA would approve as equivalent two levothyroxine sodium
products that differ by 12.5 percent in the delivery of levothyroxine sodium. Abbott
Petition at 28-35; Jones Petition at 6-7. The petitioners base this assertion on the fact that
Abbott’s study found two products at different dosage streagths, one containing 400 mcg
of levothyroxine sodium and one containing 450 mcg of levothyroxine sodium, to be
bioequivalent, The petitioners conclude that FDA's bioequivalence method is inadequate
because of this flawed comparison,

This assertion is invalid, however, because the petitioners base their argument on
Abbott’s use of doses significantly lower than the 600 mcg dose FDA recommends for
bicequivalence testing. As discussed below, bioequivalence tests using doses
significantly lower than the FD:A-recommended dose can bias the results of the
bicequivalence comparison in several ways. Furthermore, Abbott’s claim that FDA
wouid approve levothyroxine sodium products diffaring by 12.5 percent is also invalid




because Abbott wrongly assumes that such different products, particularly in dosage
strength, could be approved as the same under FDA requirements.

A.  Doses Lower than 600 meg Do Not Accurately Reflect the Results of
Bioequivalence Testing Using 600 mcg Doses

The petitioners' claim that FDA would approve as bioequivalent two products that differ
by 12.5 percent is unfounded, because this claim is based on the use of doses that are
significantly lower than _t.he 600 meg dose recommmended by FDA.

FDA recommends the 600 meg dose of levothyroxine sodium for bioequivalence [esting
to provide T4 levels that are sufficiently higher than endogenous levels in study subjects.
The use of a higher dose provides greater assurance that the bicequivalence test
measurss accurately the rate and extent of absorption of the drug. At lower doses, such
as the 400 and 450 mcg doses used in Abbott’s study, the total amount of measured T4
consists of a greater percentage of endogenous T4 than at a higher dose, such as the 600
meg dose recommended by FDA. When more of the measured concentration of T4
consists of endogenous T4 (“the noise”), the bicequivalence comparison i3 less sensitive
10 the actual differences in T4 concentrations that are present from administering the drug
product {“the signal”). FDA's recommended use of this higher 600 mcg dose is a more
conservative approach in addressing this “signal to noise” effect, because it is fess likely
that the presence of endogenous levels of T4 will bias the test results in favor of
biceguivalence (i.e., making it more difficult to show biosquivalence).

FDA has not recommended any dose greater than 600 meg for bioequivalence 1esting
bacause there is limited data available in the literature on subjects’ responses L0 doses
larger than this amount. There is also no assurance, based on the literature, that a dose
higher than 600 mcg would not present 4 safety concern. Accordingly, FDA chose the
600 mcg dose as the highest recommended dose for which there was evidence of safery

and effectiveness.”

It is also iniportant to note that FDA recommends a 600 mcg dose for the same reason
that the petitioners advocate baseline correction—to more accurately measure the
differences that are due to administration of exogenous levothyroxine sodium, rather than
other factors. Despite Abbott's arguments o the contrary (Abbott Petition at 33), it is not
inconsistent to use both baseline correction and a 600 meg dose for bioequivalence tests.
Tn fact, both of these recommended steps help ensure a more accurate bioequivalence

result.”

S Another problem with using lower doses, such as the 400 and 450 meg doses in the Abbott stedy, is the
resulting increase in assay variability. Using a larger dose, such as 600 mcy, mekes the bioequivalence
comparison more precise because it reduces this assay variability. Abbott argues that the current assay
method for T4 “provides adequate precision.” Abtott Petition at 5. However, using a larger dose reduces
the rigk of any imprecise MEASUrCMES from this assay variability. '

7 Abbott argues that FDA must issue the 600 meg standard by notice and comment rulémaking. Abbot
Petition at 34, i 29. FDA, however, has not applied the recomumendation as a rule undsr the
Administrative Procedure Act, 5 U.S.C. 351. An applicant could use a different approach if it satisfied
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Abbott's comparisons in its study between the 400 mcg and 450 mcg doses are imelevant
to the sensitivity of FDA’s bioequivalence methed, because these doses are significantly
smaller than the 600 meg dose recommended by FDA.* Abbott’s study, in fact, did not
show any inaccurate bioequivalence findings in the comparisons of results to the 600 mcg
dose. As explained above, the presence of endogenous levels of T4 is more likely to bias
the results of bicequivalence studies at lower administered doses, such as the 400 mcg
and 450 mog doses. FDA recommended the use of the 600 meg dose to ensure the
increased sensitivity of the bioequivalence test and decrease the risk of inagcurate
bicequivalence findings, such as alleged by petiticners based on Abboil’s study results.
Thus, the conclusion Abbott draws from its study (that FDA would approve as equivalent
doses that differ by 12.5 percent) is invalid because Abbott achieved its study results only
by its choice of doses that are significantly Jower than the 600 meg dose FDA

recommends for bicequivalence testing.

B. Products With Different Dosage Strengths Would Not Be Approved as
Bioequivalent and the Same Under FDA Approval Requirements

The principle underlying petitioners’ arguments concerning Study M02-417 is that
products differing by 12.5 percent in dosage strengths could be approved as the same
labeled dosage amount.'® *Tn arguing that FDA would approve as bioequivalent two
products that differ by 12.5 percent, petitioners ignore the fundamental requirements for
bicequivalence testing, as well as for drug approvals generally, that would prevent such
flawed findings of bioequivalence.

FDA's scientific concerns and tbe requirements of the applicable statutes and regulations. In the context of
this 500 meg recammendation, FDA has explained carafuily bow Abbott’s comparison of the 400 and 450
mcg doses is irelevant o the validity of FDA's biequivalence method. Furthermere, it is important to
pote that Abbott raises inconsistent arguments in challenging FDA’s recommendation of a 600 meg dose
for bivequivalence testing. Abbott asserts that FDA's justification. for its choice of 1 600 meg dose is
arbitrary, but Abbott also admits that it is within FDA’s discretion o choose the dose to be used for
bicavailability and bioequivalence tesiing. Abbott Petition at 35, 41.

£ Ahbott argues that FDA's accepance of Mylan's bicequivalence study using a 300 mcg dose undermines
the Agency’s recommendation o use a 600 mcg dose. Abbort Petition at 32. FDA sotes, however, that
Mylan included two other bioeguivalence studies using 600 meg doses.

¥ Abbott also argues that “no smount of potency and dissolution testing can assure bicequivalence when the
zpplicable in vivo methodology is itself incapable of distinguishing among products kaown to deliver
different amounts of the drug.” Abbott's April 15, 2004, supplement at 7. FDA docs not disagres.
However, Abbott’s statement is irrelevont because Abbott’s study does not demonstrate that FDA's
bicequivalence methodoogy for levothyrozine sodium is inadequate.

1% T4 the extent the petitioners also assert that FDA's bioequivalence methad faits w distinguish between
12.5 percent differences in bioavailability between products, the petitioners fail to provide any relevant
evidence in support of this argmment. Petitioners r2ly on Abboit’s Study M0Z-417 to support their
argument, bitt this study tested whether or oot products with different dosage amonts of levothyroxine
sodiun, and not products with knewn differences in bioavailabiiity, could be found bioequivalent.
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First, the petitioners ignore the essential ANDA approval requirement that the generic
pre<luct must be the same strength as the innovator product. For this reason, 2
bicequivalence study compares two products “administered at the same molar dose.”

21 CFR 320.1{¢). Thus, the compariscn berween the 400 mcg and 450 mcg dosage
strengths, relied upon by petitioners in chatlenging FDA's recommended bicequivalence
method, is inapplicable under FDA's regulations for bicequivalence. '

Second, the petitioners wrongly assume that bioequivalence testirg should ensure that the
drug content of the compared 1wo products is the same. For example, Jones states:
“FDA must develop new acceptable criteria for bicequivalence in levathyroxine sedivm
tablet products . . . capable of distinguishing between drug products that differ by as little
as 12.5% in drug content and by rate of absorption and total bedy distribution.” Joaes
Petition at 3. Bioeguivalence testing, however, is not a method to determine drug
content. Biceguivalence testing of levothyroxine sodium drug products determines
whether the body absorbs the same amount of active ingredient at the same rate (within
the statistical criteria) from two different levothyroxine sodium products, 21 CFR
320.1{e). Drug content, on the other hand, is measured in vitro by a chemical assay.
Thus, the petitioners’ request that FDA develop a bioequivalence test to distinguish
between differsnces in drug content is inconsistent with the purpese and definition of the

bioequivalence test.

Third, petitioners ignore other regulatory requiremeants that would prevent products
differing in dosage strenpth from being approved as the same. These regquirements, such
as the submissions for chemistry and manufacturing cortrols, ensure that products are
manufactured at their specified doses and maintain their potency and stability. FDA’s
current good manufacturing practice regulations ensure that approved products are
manufactureq and marketed at their labeled dosage strength. Thus, to the extent
petitiotiers argue that FDA’s biosquivalence method allows the approval of drug preducts
varying in dosage strength by 12.5 percent as the same, this concem is unfounded.

VIII. Other Criticisms of FDA’s Bioequivalence Methodology for Levothyroxine
Sodium Products

The petitioners criticize a number of aspects of FDA’s bioequivaience methodology for
levothyroxine sodium preducts. These criticisms are discussed betow.

A. Intrasubject Yartability

Abbott asserts that FDA is likely 1o approve as equivalent levothyrexine sodium products
that, in fact, are not equivalent because the intrasubject variability of levottyroxine
sodium is low, Intrasubject variability means that pharmacokinetic values for the same
subject are different when the subject is tested at different times.

It A bioequivalence study that was properly designed to test FDA's bioequivalence methodology for
levothyroxine sodiumn would compare two levothyroxine sodium products that had been intentionally made
to differ in bioavailability, but contained the same }abeled amount and content of levothyroxine sodium ata

total doss of 500 mcg.




In general, as Abbott asserts, when intrasubject variability is low, there is a greater risk
that products that are not in fact bicequivalent could be found bioequivalent. Abbott
Petition at 20-21. However, Abbatt’s conclusion that FDA will approve levothyroxine
sodium products that are not bicequivalent ignores the fact that FDA's bioequivalence
methodology for levothyroxine sodium uses baseling correction. Intrasubject variability
with levothyroxine sodium is relatively low when the data are not bascline corrected to
subtract endogenous T4 levels. With baseline correction, however, the intrasubject
variability of levothyroxine sodium is higher and is similar to that for other approved
drug products. Thus, baseline comrection adequarely addresses the potential problem of

intrasubject variability.
B.  Washout Period

In & crossover stusdy, it i3 possible for the first treatment to have an effect (referred to as
“carryover'™) on the result of the second treatment. Carryover may occur when testing a
drug with a Iong haif-life if the washout period between treatments is not long enough.
Thatefore, the washout period needs 1o be sufficient for nearly all of the drug given in the
first treatment to be eliminated from the subjects’ bodies before thay receive the drug
given in the second treatment, The major concern in these types of studies is that any
carryover that oecurs is not egual between the test and reference products. This unequal
carryover, if it occurs, can bias the results of the study. If carryover between the two
products is equal, this effect does not bias the study results.

Abbott’s Study M02-417 used washout periods of 44 and 53 days. Abbott states that its
study shows there are carryover effects of up to 53 days with supra-therapeutic doses of
levothyrexine sodium, such as the 400, 450, and 600 mcg doses used in Abbott’s study.
For this reason, Abbott suggests that an appropriate bioequivalence study should use a
washout period longer than the 35 days FDA recommends or use another method to
account for the carryover effect. Abbott Petition at 8, 41.

Abbott has not established that a longer washowt period or another method of addressing
carryover is necessary to correct FDA's bioequivalence methodology for levothyroxine
sodivm products. Abbott's study provided evidence only that there may be unequal -
carryover effects when different doses are administered. Abbott’s study does not
demonstrate that there will be unequal carryover when the same dose is used, as in
bioequivalence studies submitted for approval of generic levothyroxine sodium products.
Furthermore, FDA’s review of the bioequivalence study submitted for approval of
Mylan's ANDA referencing Unithroid identified no statistically significant sequence
effects and thus no unequal carryover. Nor did FDA’s review of the studies submitted by
NDA apptlicants for levothyroxine sedium products comparing tablet formulaticns to 2
standard solution identify any such sequence effects, These results are evidence that
Abbott’s study comparing different doses is not relevant to bioequivalence studies that
use the same dose.
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C.  Comparing T3

The USP monograph for levothyroxine sodium permits levothyroxine sodium products to
contain up to 2 percent T3. Jones states that because T3 is the active thyroid hormone,
bioeguivalence testing for levothyroxine sodium products should also compare serum T3

levels. Jones Petition at 9.

FDA disagrees. In general, FDA recommends that bioequivalence studies measure only
the parent drug released from the dosage form, rather than the metabolite. General
Considerations guidance at 13, The rationale for this recommendation is that the
concentration-time profile of the parent drug is more sensitive to changes in formulation
performance than a metabolite, which is more reflective of metabolite formation,
distribution, and elimination, General Considerations guidance at 18. In addition,
although T3 is a metabolite of T4, it is also directly produced in the body; thus,
measuring T3 would not be a true indicator of the absorption of T4 from levothyroxine

sodium products.
D. Confidence Interval

The petitioners suggest that FDA consider narrowing the bounds of the 90 percent
confidence interval for bioeguivalence testing of levothyroxine sodium products.'” Jones
Petition at 10; Abbott Petition at 36-38. Neither petitioner, however, has presented
scientific evidence to show that tighter acceptance criteria are necessary to ensure that
non-bigequivalent levothyroxine sodium products are not rated biceguivalent.

1. Petitioners fail to show the necessity for nerrowing the acceptance
Hmits for the confidence interval

Abbott suggests that it is particularly important to narrow the statistical acceptance
criteria for levothyroxime sodivm because it is a narrow therapeutic range drug. Abbott
Petition at 37. FDA does not believe that it is necessary to narrow the statistical
acceptance criteria for bioequivalence studies simply because the drug being studied has
a narrow therapeutic range. In the General Considerations guidance, FDA recommends
that sponsors consider additional testing andfor controls to ensure the quality of drug
products containing narrow therapeutic range drugs, but the Agency does not recommend
changing the normal acceptance criterion of 80 to 125 percent. General Considerations
guidance at 2. In fact, FDA has approved other drugs with narrow therapeutic ranges,
such as digoxin, phenytoin, and warfanin, without changing the acceptance criteria, and
there is no documented scientific evidence of safety or efficacy problems with these
drugs. To the sxtent petitioners argue that FDA's statistical standards ase insufficient to
ensure a meaningful bioequivalence result for Jevothyroxine sodium products, FDA has
already explained in section VI above how its baseline correction method ensures greater
accuracy in the bicequivalence measurament.

2 Although Fomes refers i narrowing the confidence interval itself, we assume that Jones is actally
recomending thet the bounds of the 90 percent confidence interval be narrowed,
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As explained in section TV above, FDA’s statistical analysis for bicequivalence considers
both the mean values for pharmacokinetic factors and the individual vartation in values.
In practice, because of the intrasubject variability in the responses of human subjects 10
drugs, the mean bicavailability values of an innovator and a generic product must be very
close to satisfy FDA's bicequivalence acceptance criteria. FDA’s two surveys of passing
bioequivalence studies {224 studies reviewed in the 1980s and 127 reviewed for generic
drugs approved in 1997) found observed mean differences in AUC between the brand
name and the generic product of about 3.5 percent and 3.3 percent, respectively.” As
explained in section VIILA sbove, the intrasubject variability of levothyroxine sodium is
highet with baseline correction and similar to that for other approved drugs. Thess
studies demonstrate that FDA s statistical standards are sufficient to ensure that drugs,
including levothyroxine sodium, with unacceptable differences in relevant
pharmacokinetic values are not found hioequivalent.'

Furthermore, if the bounds on the confidence interval were narrowed, it would be
necessary to use many more subjects to give the study sufficient statistical power. Using
more subjects would make bicequivalence testing more expensive (in both the NDA and
ANDA contexts). Raising the cost of biosquivalence testing on a speculative, non-
scientific basis would be inconsistent with the principles of the Hatch-Waxman
Amendments to make low-cost, generic drugs available to the public, In addition, using
more subjects without & strong scientific justification would alsc be inconsistent with the
basic principle that no unnecessary human research should be done.

. Petitioners’ chalienge to the acceptance limits for levothyroxine
sodium bicequivalence tests undermines their own NDA approvals

In challenging FDA's statistical analysis for hioequivalence, petitioners implicitly
challenge FDA's statistical analysis for their own NDA approvals. Itis important to
uynderstand that the same bioeguivalence methodology used to approve gemetic drugs is
used when an innovator product is compared to itself. There are many circumstances in

' The evidence from these surveys also invalidates the simulation study that Abbott's petition discusses.
Abbott Petition at 8-11. Abboit asserts that the simulation shows that a test levethyroxine sodium product
that delivers 15 percent less of more of levothyroxine than a reference product would have a 26 percent for
42 percent) chance of being declared bioequivalent 1o the reference product (by both Cmax and AUC) ina
36-subject study tha used the B0 to 125 percent acceptance crieerion. However, the simulation assumes
that the test and reference products differ by 15 percent in the delivery of levothyroxine —an assumption
that is exceedingly unlikely. The standard deviation around the mean AUC difference of 3.5 percent from
the 19808 survey was 2.84 percentage poiots. The 13 percent mean AUC difference assumed in Abbott’s
simulatipn would be four standard deviations from the mean. The probability of such & result is less than |
percent, A 15 percent difference berwsen an inmovator and a generic peoduct in the amotmt of active
ingrediest wonld also not be possible because of the CMC requirements for ANTrA applicants.

4 ith regard to these serveys, Abbott argues in its June 4, 2004, supplement that "only the confidence
intervals around [the] mean measurements should be sonsidered in evaluating the tue differences between
products." Abbott's June 4, 2004, supplement at 10-11, In fact, the mean values in the arveys are relevant
to FDA's evaluation of Abbort's simulation and study because Abbott claims that FDA's bioequivalence

method cannot distinguish mean differences of 12.5 or 15 percent.
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which an innovator conducts bioequivalence studies, for example, when the formulation
1o be marketed is different from the formulation used in clinical studies. Morsover, after
approval, the innovator may modify the scale of production runs, equipment,
manufasturing process, formulations, dosage forms, ingredient specifications, source of
supplies, and method of synthesis of the active ingredient. When such significant

' changes are made, FDA accepts the results of the innovator's bioeguivalence study to-
demonstrate equivalence between the “old” and “new” products using the same
bioequivalence criteria used to evaluate generic drugs.

In fact, FDA used the same confidence intervai bounds to accept data analyses from
NDA applicants seeking approval for levothyroxine sodium products. Sponsors for
levothyroxine sodium products approved under NDAs, including Abbott’s Synthroid and
Jones’ Levoxyl, conducted studies to demonstrate chat different dosage sirengths were
propcrtiona]li,» equal to each other (e.g., six 100 mcg tablets are bioequivalent 6 two 300 -
meg tablets).” The study design used for that demonstration is essentially the same as
that used to show whether a generic levothyroxine sodium product is bioeguivalent to its
reference listed drug, except that bicequivalence studies now require analysis of baseline
comected data. Al} other aspects of the study, including the dose used, the washout
period, and the acceptance limits for the 90 percent confidence interval, are the same. h
is illogical to believe that these features of a study, particutarly the 80 to 125 acceptance
range for a 90 percent confidence interval, were acceptable for the purpose of showing
dosage proportionality, but not acceptable to show equivalence between an innovator and

a generic product.

From thé clinical point of view, it is just as important that dosage strengths within &
product line be proportional as it is that generic products be therapeutically equivalent to
their reference listed drugs. Titrating patients to the proper dose to control their
hypothyroidism would not be possible if different dosage strengths were not proportional.
For example, the clinician needs 1o know that a 50 mcg tablet is equivalent to two 25 mcg
tablets. When clinicians prescribing Synthroid and Levoxyl adjust their patients’ doses,
they are relying on the same study design that is used to conclude that a generic version
of Synthroid or Levoxyl is equivalent to Synthroid or Levoxyl:

3 FDA is not required to promulgate through notice and comment
rulemaking its statistical analysis for bioequivalence testing for
levothyroxine sodium products

Abbott also argues that FI?A's faiture to narrow the confidence imterval for levothyroxine
socium indicates that the Agency is applying the 80 to 125 percent acceptance criterion
as a rule. Abbott contends that if the Agency treats the 80 to 125 criterion as a rule, then
it must adope that rule through notice and comment rulemaking. Abbott Petition at 37.
As discussed below, FDA does not find this argument persuasive.

13 5o FDA's guidance on Eevorhyroxine Sodivum Tablets — In Vive Pharmacokinetic and Bioavailability
Studiez and in Vitro Dissolution Testing.
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FDA has clarified its statistical analysis of bioequivalence data in its guidance for
industry on Stasistical Approaches io Establishing Bivequivalence and in the Orange
Book. The 80 to 125 acceptance criteria is a scientific judgment about the best statistical
practices to use in bicequivalence testing and is not an appropriate subject for notice and
cotmment rulemaking. FDA's statutory duty to evaluate generic drugs for approval
requires the Agency to use its scientific judgment when analyzing bioequivalence data to
datermine whether there is a “significant difference” in the rate and extent of absorption
of the drug. 21 US.C. 355()8)(B)1). FDA has established by notice and comment
rulemaking those specific types of evidence appropriate for the design of bicequivalence
studies. 21 CFR 320.24. FDA has also established by notice and comment rulemaking
general principles to be followed for the design of a bioequivalence stady. 21 CFR
320.26. These regulations establish the general parameters and requirements for

bioequivalence studies.

FDA recommended the statistical analyses for these study results as guidance to allow for
appropriate adjustments to the analysis in individual cases. This approach through
guidance, rather than binding rulemaking, provides both FDA and applicants with
flexibility in determining the most appropriate analysis for individual bioequivalence

tests.

EDA has not applied this recommendation as a rule, but instead has and would vary the
acceptance criteria in an appropriate case. As Abbott acknowledges, FDA is willing to
adjust this statistical standard (either by narrowing or widening the confidence interval
acceptance criteria) in those circumstances where the real differences permitted under' the
standard would be clinically significant. For example, FDA widened the pounds of the
confidsnce interval acceptance criteria when the Agency approved generic albuterol
inhalers, because the parameter being compared was 2 pharmacodynamic one (FEV1—
forced expiratory velume at 1 minute) and because subject responses were highly
variable. The petitioners, however, have failed to justify an amendment of this standard
for levothyroxine sodium praducts. In fact, the only evidence submitted by Abbott '
demonstrates that the Agency’s baseline correction method increases the accuracy of

FDA's hioequivalence methods.

IX. Levothyroxine Sodium Tablets Behave Like Solutions

Evidence about the relative bivavailability of levothyroxine sodium drug products
compared 1o & solution formulation: of Jevothyroxine sodium provides further assurance
that FDA-approved products will be therapeutically equivalent. The primary difference
between a tablet and a solution formulation of the same drug is that before the tablet
formulation can be absorbed it must dissolve, while the solution formulation is already
dissolved. A solution formulation is orally absorbed as rapidly and completely as possible
for that drug. The faster the tablet dissolves, the more likely the tablet formulation would
be absorbed at the same rate and extent as a solution formulation, Thus, differences it
bioavailability between a tablet and a solution are a measure of the effect of the
formulation and manufacturing of the tablet product om its bioavailability. Alt gsolution
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formulations of the same drug are considercd to be equivalent to each other.'® Therefore,
if the drug from all tablet formulations is absorbed to the same rate and extent as from a
solution, then these tablet formulations would all be considered equivalent to sach other.

Each NDA sponser conducted an in vivo study 1o determine the relative bioavailability of
its tablet formulation of levothyroxine sadium compared to & reference oral solution.
Table 1 below shows the results of that comparison for seven products.

Tabie 1: Relative binavailability of tablets versus a solution

Sponsor  AUC4g ratio (90% CI)  Cmax ratio (90% CT)

Stevens 99 (93-102) 97 (93-101)
Jones 98 (96-101) 95 (91-98)
Alara/Mova 99 (96-102) 98 (94-102)
GenPharm 99 (97-101) 99 (95-102)
Abbott 93 (90-96) 84 (81-87)
Lioyd  94(9198) 91 (86-56)
Vintage 04 (92-97) 93 {91-96}.

Each row of the above table lists the mezn ratio of either AUC or Cmax between the NDA
product and the reference oral solution. The values in parentheses are the 90 percent
confidence interval around each mean value. For all of the products in Table 1, the
difference between the AUC of total T4 for the tablet and the AUC of total T4 for the
solution ranges from 1 to 7 percent, and the mean difference is 3 percent. The differences

in Cmax range fram 1 to 7 percent, except for Abbott's Synthroid product at 16 percent.

These observed differences are small relative to the variability inherent in levothyroxine
sodium tablets and in the physiology of drug absorption. The mean variability in the
levothyroxine dosage form proportionality studies submitted to FDA was approximately 6
percent. This 6 percent variation, determined from subjects’ response o doses of 12x50
meg and 6x 100 meg tablets from the same manufacturer, is approximately the same as the
obsarved differences between the tablets and a solution. Tn addition, the mean diffarences

6 (e of the principles of FDA's bicavailability and bicequivalence regulations is that the in vivo
bicevailability or bicequivalence of certain drog products is scif-evident when thers is no guestion that the
drug substance is released from the drug product. 21 CFR 320.22(h); General Considerations guidance,
The simplest example of this principle is a panenteral drug product. There iy o issue about whether a
parenteral drug product is absorbed because it enters the bloodsream disectly. FDA regulations congider
the bioequivalence of oral solutions to be sinularly self-cvident, 21 CFR 320.22(bX3). _
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between the tablets and a solution are also smalier (with the exception of Abbott’s
Synthroid product) than the within-product differences in potency (10 percent) that are
permitted by the USP.

The fact that the observed differences between the tablets and a solution are relatively
smail indicates that all of these products were manufactured and formulated in such a way
that they dissolve quickly in the body and do not use any excipients that interfere with
absorption. These seven products do niot have identical formulations. They use different
excipients in different combinations and proportions and are manufactured using different
processes and under different conditions. The similar performance of these seven
different products is evidence that the FIDA approval! process leads to products of high
quality.

These resulis provide further assurance that FDA will not approve products as
bioequivalent that are in fact inequivalent. Under the applicable statutory and regulatory
requirements, FDA will not permit any future levothyroxine sodium product to use an
excipient that was not present in an already approved product without providing evidence
that the new excipient does not interfere with the absorption of the drug. In addition, any
levothyroxine sodium product approved in the futare would be subject to the same
manufacturing process controls and standards as the currently approved products.
Because future products would be subject to the same constraints and standards, it is
expected that these products would be of a similar quality to that of the currently approved
products, would dissolve quickly in the bady, and would not be significantly different
from their reference listed drugs. Thesa similarities would provide greater assurance that
future approved levethyroxine sodium products would in fact be hneqmvalent to their
referance listed products,

X.  Bioequivalence Testing in Athyrotic Patients Measuring TSH

The petitioners suggest that FDA should consider measuring TSH (thyroid stitulating
hormone) rather than T4 in bioequivalence testing for levothyroxine sodium products.
Jones Petition at 10; Abbott Petition at 41. Jones states that TSH is “the true indicator of
thyroid hormone balance™ because physicians use TSH 1o diagnosis hyperthyroidism or
hypothyroidism and to adjust patients” dosages. Jones Petition at 3-4. Jones also asserts
that TSH is 2 much more sensitive measure than T4 or T3. Jones Petition at 4.

The petitioners also suggest that FDA consider recommending that bicequivalence testing
for levothyroxine sodium products use athyrotic patients as study subjects. Jones Petition
at 10; Abbott Petition at 41, Athyrotic patients have no endogenous production of
thyroid hormone and must use levothyroxine sodium therapy {or other thyroid
replacement therapy} to maintain normnal metabolic functioning. Abbott suggests that a
bicequivalence study using athyrotic patients would be more accurate than a
broequivalence study in normai subjects. Abbott Petition at 40,

TSH levels change siowly in response to administration of levothyroxine sodium, It
typically takes at least six weeks for TS levels to reflect a change in the amount of
levothyroxine sodivm given a patient. Thus, in a bicequivalence study using TSH as the
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messured endpoint, TSH levels could not be measured until subjects had been receiving
levothyroxine sodium for at least six weeks. Such a study would have to be conducted in
patients because it would be unethical to expose nonnal subjects to levothyroxine sedium
for such an extended period of time. Thus, the petitioners’ two suggestions—measuring
TSH and testing in patients—are inextricably linked.

Contrary to Abbott’s assertion, a bicequivalence snudy measuring TSH in athyratic
patients would be a much less accurate and reliable way to compare the mate and extent of
absorption of two drug products than the biocquivalence methodology FDA recommends.
The purpose of bioequivalence testing is to measure the release of the drug substance
from the drug product. Measuring T4, the active ingredient in levothyroxine sodium
products, accomplishes that purpose, but measuring TSH does not. TSH is not a direct
measure of any property of drug products, but instead is a pharmacodynamic endpoint
that measures an effect in the body resulting from drug administration.

In addition, using TSH as the endpoint to be measured in bicequivalence testing
would be less accurate than measuring T4 because both the inter-subject
variability and intra-subject variability of TSH are high. TSH ievels in patients
receiving the same dose of levothyroxine sodium can vary greatly, A range of
TSH values from 0.5 to 5.4 intemnational units/milliliter (TU/mL} is considerad
normal. Even in an individual patient, the TSH value does not remain constant.
In clinical practice, it is not unusual for a patient receiving the same dose of the
same levothyroxine sodium product to have, for example, a TSH of 3 at one
doctor’s visit, a TSH of 2 at the next visit, and a TSH of 1.5 at the next visit.
Even though the TSH values differ, the patient is clinicaily and bicchemically
euthyroid (i.e., no symptoms of thyroid dysfunction and thyroid function tests
within normal limnits) at each visit. This clinical experience of variability is
supported by a study that observed the intra-subject variability of TSH to be up to
200 percent.” Because there is so much inherent inter-subject and intra-subject
variability in TSH levels, a bioequivalence test measuring TSH levels would not
accurately refiect the contribution of the drug product. Therefore, TSH 15 not an

appropriate measure for bioequivalence testing.

The type of concerns with pharmacodynamic endpoints discussed above are the reason
that FDA regulations recommend the use of such an endpoint only when the active
ingredient cannot be measured directly in biological fluids. 21 CFR 320.24(a) provides:

An in vivo test in humans in which an sppropriate acute pharmacological
effect of the active moiety, and, when appropriate, its active metabolite(s),
are measured as a functior of time if such effect can be measured with
sufficient accuracy, seasitivity, and reproducibility, This approach is
applicable to the catepory of dosage forms described in paragraph (bX1){i}
of this section only when appropriate methods are not available for

7 Dong, BJ., et al., “Bicequivalense of Generic and Brand-name Levothyroxine Products in the Treatment
of Hypothyroidism.™ JAMA, 277:1205-1213, April 16, 1997.
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measurement of the concentration of the moiety, and, when appropriate,
its active metabolite(s), in biological fluids or excretory products but a
method is available for the measurement of an appropriate acute
pharmacological effect. This approach may be particularly applicable to
dosage forms that are not intended to deliver the active moiety o the

bleodstream for systemic distribution.

T4, the active ingredient of levothyroxine sodium, is readily measurable im plasma.
Thus, under FDA regulations, T4 is the recommended endpoint for
bicequivalence studies. The petitioners have failed to provide any legitimate

" scientific justification under the regulations as to why the measurement of T4 is
inadequate for a bicequivalence determination.

In sum, for all the reasons discussed above, a bicequivalence study of levothyroxine
sodium using athyrotic patients would not be an accurate and reliable way to compare the
amount of drug released from two drug products. FDA’s bioequivalence method for
levothyroxing sodium, which uses normal subjects and measures T4, is a more accuraie

study design.

XI.  Abbott's Concerns About Clinical Consequences From Product Substitution
Are Unfounded

Abbott submitted a number of declarations from endocrinologists and clinical study
reports to emphasize the need for precise dosing of levothyroxine sodium, particularly for
the treatment of thyreid cancer and hypothyroidism in ¢certain patient populations. Inits
February 9, 2004, supplement to the petitior, Abbott states: “[T]he expert declarants
describe the critical importance of titrating patients to precise doses of levothyroxire, and
how a change in dose of as little a5 9 or 12 percent can put patients at serious risk.” 1
Supplement at 2. Abbott appears to rely on these declarations and studies o argue that
harm would result in patients being switched from Synthroid to another levothyroxime
sodium product that differed in dosage amounts by 910 12.5 I:Ivs;ra:.:.erlt.ﬁr For exampie, the

18 Abbott's reference to & 5 percent difference derives from its mistepresentation of FD:A™s response
denying Knoll Pharmaceuticals' citizen petition asking FDA to find Synthroid to be generally recognized
as safe and effective. (Knoll manafztured Synthroid prior to Abbort's acquisition of the product.) The
confidential zppendix to FDA"s reaponse contained a description of a hypothetical patient who received
different amounts of levothyroxioe sodium fram cok refill to the next. (FIXA has not previously disclosed
anything from the Cenfidential Appendix. However, because Abbout has discussed the appendix in its
citizen petition, the Agency is beicfty discussing the appendix only to refute Abbott™s mischaracterization
of FDA's petition response.) The amounts differed by /9 percent - not the 9 percem Abbott asserts. In
this hypothetical, the tablets from ome refill would have contained a higher dose than the one prescribed;
the tablets from the other refill womd have contained a lower dose than the one prescribed. FDA's
conclusion bout the effect of the two doses on the hypothetical patient was: “On the first doge, the patient
is likely to be mildly hyperthyroid, while on the second dose, the patient is likely to be mikdly
hypothyrgid.” FDA described this hypothetical scenario as an axample of a possible chinieal risk to panents
taking unapproved levothyroxine sodium tablets.

19 sones also included one study in its petition (Carr, D., et ak., “Fine Adjustments of Thyroxin
Replacement Dosage: Comparison of the Thyrotrepin Relcasing Hormone Test Using & Sensitive
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concluding paragraph of the declaration of Jerome M. Hershman states: “[Tjhe
substitution of two different menufacturers’ levothyroxine products, that differ from one
another by 12.5%, or ¢ven as little as 9%, can have a clinicaily significant effect on
patients.” The underlying premise of Abbott’s argument appears to be that if FDA
applies its current standards for levothyroxine sodium products, then the Agency will
approve as therapeutically equivalent products that differ by 9 to 12.5 percent.

Abbott’s premise is incorrect. As explained in section VII above, FDA's
standards for levothyroxine sodium products will not allow products that differ by
9 percent or more in potency or bioavailability to be rated therapeutically
equivalent. Thus, Abbott’s submitted declarations and studies concerning the
adverse clinical effects from preducts differing in potency and bicavaitability fail
t0.show that FDA's bioequivalence standards for fevothyroxine sodium products

are inadequate.

With regard to potency, products that are rated as therapeutically equivalent must contain
the same amount of active ingredient. As explained in section VII above, Abbott’s focus
on biocequivalence testing as a means to ensure the approval of levothyroxine sodium
products with proper potency and stability is misplaced. Instead, numerous other
requirements in the Act and FDA’s regulations, such as those concerning submissions on
chemistry, manufacturing, and controls, ensure that drig products are manufactured and
released at the proper dosage amounts and maintain their potency.

With regard to bioavailability, as discussed in section [V above, FDA's two reviews of
passing bicequivalence studies {224 sudies reviewed in the 1980s and 127 reviewed for -
ANDAs approved in 1997) found that the average observed differences in AUC were 3.5
and 3.3 percent, respectively. There is no evidence to suggest that a difference in
bicavailability of 3.3 or 3.5 percent would have any clinical consequences, even for the
patients most in need of precise desing {e.g., thyroid cancer patients}.

Finally, Abbott inappropriately asks the Agency to "quantify the clinically _
acceptable difference that may be allowed between substitutable (Le., “AB” rated)
levothyroxine products.” Abbott Petition at 40. In making this request Abbott
also relies on the flawed assumption that FDA will rate twe levothyroxine sodium
products as therapeutically equivalent when there are significant differences in
potency and bicavailability between the products. As described above, FDA's
therapeutic equivalence ratings ensure that products classified as thempeutically
equivalent can be substituted with the full expectation that the substituted product
will- produce the same clinical effect and safety profile as the prescribed product.
Thus, there is no need for FDA to quantify ary clinically acceptable difference in

substitutable products.

Thyrotropin Assay with Measurement of Free Thyroid Hormones and Clinical Assessment,” Clinical
Endocrinotogy {Oxf), 28:525-333, 10£8) that the frm states shows that changes of 25 meg from the
optimum levothyroxing sodium dose “can render a patient hyperthyroid or hypothyroid.” Jones Petition at
3. .
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XI. TSH Levels Naturally Fluctuate

Several physicians whe commented on Abbott’s petition asserted that it is important
that patients be maintained on & singte brand of levothyroxine sodium.”® One
comment stated that changing brands of levothyroxine sodium can result in a change
in TSH.> The assumption cnderlying this comment is that patients’ TSH levels do
not fluctuate when they take only one brand of ievothyroxine sodium. However, the
evidence FDA gathered in support of declaring levothyroxine sodium 2 new drug
indicated that patients who were maintained on Synthroid, for example, did
gxperience variations in TSH,

It is important for physicians to recognize that there are many reasons for TSH levels
to fluctuate that are unrelated to the characteristics or quality of levothyroxine sodium
products. Many drugs affect thyroid hormone pharmacokinetics and metabolism.
The labeling for Synthroid and Levoxyl contains an extensive list of drugs that may
affect thyroid hormone levels. For example, commenly used antacids may reduce the
efficacy of levothyroxine sodium products by binding T4 and delaying or preventing
the absorption of T4. These effects, i tum, may alter TSH levels through feedback
interaction at the level of the pituitary. One study found that TSH levels were
affected when patients took an iron tablet at the same time they tock their
levothyroxing sodium dose.?

One textbook states that the most likely reason for fluctuating TSH levels is patients’
failure to take their levethyroxine sodium tablets regularly.~  is also well known
that serum TSH has 2 diurnal variation and pulsatile secretion. A mean peak level of
3.1 mU/L at 2 a.m. and a mean trough level of 0.7 mUYL at 4 p.m. have been
docurnented in normal subjects.** Yet, physicians do not typically require that blood
tested for TSH levels be drawn at a particular time of day. There is also evidence that
the following factoes can be responsible for changing TSH levels: change of
season,? calorie restriction,” change in body temperature,” and exercise.”

™ Comments by Dr. Jerome Hershman and Dr. Stephen Brunton.

3 Comment by Dr. Lawrence C. Wood, M.D., CEG and Medical Director of the Thyroid Foundation of
America,

% Campbell N.R, et al., “Ferrous Sulfate Reduces Thyroxine Efficacy in Patients with
Hypothyroidism, Arnals of Interal Medicine, [17(12):1010-1013, Dec. 15, 1992,

B Harrison's Principlez of Internal Medieine — 15" Edition, Chapter 330, Disorders of the Thyroid Gland,
by 1. Larry Jameson and Anthony P. Westman, 2001.

# Brabant, G, et al.. '?hysiolojica] Regulation of Circadian and Puisatile Thyrotropin Secretion in Normal
Man and Woman," Joarnal of Clinicel Endocrinology and Metabolism, 70.403-109, 1990,

¥ Nicotaw, G.Y. et aL, “Cirvadian and Circannuat Rhythms of Hormonal Variables in Elderly Men and
Women,” Chronobiol [, 1(4):301-119, 1984, :
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In summary, while sotne physicians may believe that fluctuations in patients’ TSH
levels result primariiy from the use of allegedly inferior levothyroxine sodium
products or from the substitution of one approved levothyroxine sodium brand for
another, there are numerous other factors that have the potential to affect TSH lavels.

XITl. Request for Advisory Committee and Additional Meetings

Both Jones and Abbott request that FDA refer the issue of the proper bicequivalence
methodology for levothyroxine sodium products to an advisory committee. Jones
specifically asks that the Agency convene a joint meeting of the Pharmaceutical Science
Advisory Committee and the Endocrinologic and Metabelic Drugs Advisory Committee.
Jones Petition at 1. Abbott asks that FDA consult an “appropriate advisory committee”
with joint representation from the Pharmaceutical Science Advisory Committee and the
Endocrinologic and Metabelic Drugs Advisory Committee. Abbott Petition at 38-41.

In support of this request, Abbott cites section 404 of the Food and Drug Administration
Modernization Act of 1997 (Modernization Act) (21 U.S.C. 360bbb-1}. This provision of

the Modermization Act states:

If, regarding an obligation conceming drugs or devices under this Act or
section 351 of the Public Health Service Act, there is a scientific
controversy between the Secretary and a person who is a sponsor,
applicant, or manufacturer and no specific provision of the Act involved,
incbading a regulation promulgated under such Act, provides a right of
review of the matter in controversy, the Secretary shall, by regulation,
establish a procedure under which such sponsor, applicant, or
manufacturer may request a review of such controversy, including a
review by an appropriate scientific advisory panel described in section
505(n) or an advisory committee described in section 515(gX2XB). Any
such review shall take place in a timely manner. The Secretary shall
promulgate such regvlations within 1 year after the date of the epactment
of the Food and Drug Administration Modemization Act of 1997,

Abbott’s reliance on the Modemization Act for its requested relief is misplaced.
First, the statutory provision cited by Abbott explicitly states that it is applicable
when there is “no other right of review"” of the matter in controversy. Here,
Abbott and Jones had, and exercised, the right of review of the issues raised in

# Chacon, F. & al., “Chronobiological Features of the Immune System,” European Jowrnal of Clinical
Nuizritlarn, 530 Svppl 3:559-72, Ang. 2002,

7 *Malley et al., "Circadian Rbythms of Serum Thyrotrophin and Body Temperanre in Euthyroid
Individuals and Their Responses to Warming, Clin Sci (Lond. ), 67(4):433-437, Ccr. 1984,

A Scheen, AT, et al., “Effects of Exercise on Neuroendocrine Secretions and CGlucose Regulation at
Diifferent Tirws of Day,”™ American Journof of Physiolagy, 274(5 Pt [):E1040-9, June 1998,
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their respective citizen petitions. Abbott initially pursued its challenge to FIXA's
bicequivalence method through the dispute resolution procedure under 21 CFR
314.103. DMEDP, and then ODE II, considered Abbott's challenge and issued
written decisions. Then, at FDA's request, Abbott presented its chatlenge to the
Agency through the citizen petition process under 21 CFR 10.30. Jones also filed
a citizen petition taising similar issues. The above regulations establish a right of
review for the biosguivalence issues raised by petitioners, and Abboit and Jones
have in fact proceeded through these régulations.

Even if the Modemization Act requirements were applicable here, neither the

_statute nor the Agency’s regulations guarantee any person the right to an advisory
committee meeting. Instead, the above-cited stahutory provision simply creates a
process by which a request for an advisory committee meeting may be made.”
Furthermore, FDA's advisory committee reguiations, particularly 21 CFR 14.172,
state that an advisory commiitee meeting may be requestad but do not require
FDA to grant the request. In any event, Abbott has already had the opportunity to
discuss the results of its Stody M02-417 at the March 13, 2003, advisory

committes meeting.

Abbott also suggests that FDA has refused to meet with Abbott officials to discuss 113
challenge to the Agency's bicequivalence methodolegy for levothyroxine sodium.
Abbott Petition at 14-18; Abbott Aprii 15, 2004, supplement. This suggestion _
mischaracterizes the Agency's acticns. Abbott presented the results of its Study MO2-

417 to CDER officials in a meeting on February 13, 2003, CDER officials then
carefully considered Abbott’s challenge of FDA’s bioeguivalence method in its appeals

to DMED?P and CDE II.

Furthermore, Abbott has fully presented its views concerning FDA's approval standards
and bicequivalence methodology to the Agency through the citizen petition process.
Abbott’s original petition was dated August 25, 2003. Abbott has supplementad that
petition six times—mast recently on June 4, 2004, The petition and its supplements
include numercus articles and declarations by Abbott's experts. FDA has carefully
considered &l of Abbott's submissions in evalnating levothyroxine sodiumn
bicequivalence issues. :

In its April 15, 2004, supplement, Abboet also alleges that FDA's “inability to fulfill its
fundamental obligation under the law to consider all relevant information, and to
provide sponsors with an opportunity to have disputes heard befors an advisory
committee or panel of experts, jeopardizes the deference that FDA is ordinarily due
when it engages in scientific decision making.” Abbott’s April 15, 2004, supplement at

* In 2 supphemnent to its petition dated December 22, 2003, Abbort makes the following argoment:
“Implicit in the statutory right to sk for o meeting comes a coresponding right that legitimate requases will
not unreasonably be denied. Withoat such an expectation, FDAMA's provisicns on the right to ask for an
advisory committes meeting wookd be ‘bereft of meaning.” City of Roseville v. Nortan, 348 F.3d 1020,
1828 {D.C. Cir. 2003)." Supplement at 4. The case cited i3 nof on point; it simpéy contains the words
“bereft of meaning.”




10 (footnote omitted). Specifically, Abbott insists that FDA hold a pubiic workshop
with the American Thyroid Association (ATA) to discuss issues concerning
levothyroxine sodium before responding to Abbott’s petition. At ATA’s request, CDER
officials met with ATA representatives on September 16, 2003. At the meeting, ATA
presented various isstes conceming levothyroxine sodium products for further
discussion and consideration by FDA. ATA also requested a workshop with FDA as a
forum for these discussions and submitied a proposed workshop agenda to Dr. Steven
Galson, Acting Director, CDER, by letter dated December 30, 2003. Dr. Galson then
explained in a letter to ATA dated February 19, 2004, that although FDA was committed
to plan and hold a workshop to discuss various levothyroxine issues, FDA would
respond first to Abbott’s and Jones’ citizen petitions befere considering further any
workshop to discuss the Agency’s position with respect to levothyroxine jssues.”
Abbott's insistence that the Agency hold a workshop with ATA on levothyroxine sodium
bicequivalence methods prior to issuing a response to its petition is misguided. Based on
the numerous and thorough submissions by Abbott and others, FDA has been able to
evaluate these citizen petitions without the need for a workshop to further elucidate the
issues. Furthermore, Abbott’s request ignores FDA’s citizen petition procedures at 21
CFR 10.30, which do not provide the petitioner with the right to a public meeting (much
less a meeting between FDA and a third party) to discuss the issues raised in its

petition.”!

* This correspondence is filed in the docket for these citizen petitions.

3 Abbott arguss in its June 4, 2004, supplement that FDA does not have the legal authority to issue
findings of therapeutic equivalence, panticularly as " AB" ratings in the Ovange Bock, through applications
or supplements submitted under section 505(b}2) of the Act, but only through ANDAs submitted unler
section 505(j) of the Act. Abbott's June 4, 2004, suppiement ar 13-14. Abbort also argues that FDA must
issue standards for assigning therapeutic squivalence ratings for NDAs thraugh netice and comment
rulemaking. Id. at 14. Abbott seaks o amend the relief it requestad in its petition to include asking FDA (o0
determine that the Apency lacks the autherity to assign terapeutic equivalence ratings outside the scope of
section 505(5).

For the following reasans, FIMA will rot address the substance of these arguments in this petition response.
First, Abbott delayed raising these arguments uatil 8 months after submitting its original petition. Yer,
Abbott wag already on notice that FDA would sccept NDAs seeking AB ratings for levoihyraxine sodium
products, FDA explained this pesition publicly as easly as 1999. In the draft guidance for indusiry on
Levothyroxine Sodium (issved August 1999), FDA stated that "[a]n NDA applicant may submit a
bicequivalence study comparing its levothyroxine product to one previously approved. If the prodocts are
biceguivalent, they will be AB-rated i each other.” Guidance at 4. In fact, FDA’s position on therapentic
equivalence ratings for levothyroxine sodium applications is not unusual or new, because the Agency has
approved numerous other applicatinos in the past that sooght therapeutic equivalence determinations (as
AB ratings) for drug products through section 305(b), rather than section 505(j). Despite being oo ootice of
FDA's pusition for several years, Abbott waited until the "sleventh bowe” in the coatext of this citizen
petition, after the filing of five supplements and rumerous comments by other parties, o raise this

grgurnent,

Second, Abboit’s argurments about FD'A's therapeutic equivalence ratings are unrelated to the arguments in
Abbotr's citizen petition and previous supplements. The petition and supplements, as welf as the comments
submitted by interested parties, focus on the appropriaieness of FDA's bioequivalence method for
levothyroxine products. These bioequivalence igsues are quite different from the therapeutic equivalence
issues thar Abbatt now raises. Thus, FDA believes that these new arguments would be more appropriately
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In conclusion, Abbott has had ample opportunity to present the infermation and views on
which its petition relies. The public has had the oppertunity to comment on the
presentations by Abboit and Jores and has, in fact, done so. Thus, no additional

meetings, presentations, or workshops are needed before the Agency issues this response.
FDA has carefully considered all of the issues raised by the petitioners and has explained -
its position thoroughiy in this petition response. Contrary to Abbott’s assertion, the
Agency has fulfilled its obligation under the law to consider all relevant information in
ruling on these petitions.”

XIV. GGPs

Abbott asserts that FDA is required by its good guidance practice (GGF)
regulations to publish a guidance recommending the bioequivalence method for
levothyroxine sedium preducts. As explained below, however, FDA is not
required to issue the bioequivalence methodology through GGPs.

First, the bioequivalence methodology for levothyroxine sodivm products is clearly
described by the General Considerations guidance. This guidance recommends specific

raised and addressed in a separate citizen petition. FDA will respond more fully to these arguments ina
separate citizen pelition response in the future.

Finally, FDA alraady has eonsidered these therapeutic equivalence issues in the context of a previous
citizen petition. As Abbott notes on page 13 of its June 4, 2004, supplement to this petition, the firm
presented its arguments capcerning therapeutic cquivalence ratings to the Ageney in its July 10, 2002,
comgrients on a 2001 citizen petition submitted by Pfizer Inc. (Pfizer) and Pharmaciz Corporation
(Pharmacia). See citizen petition submitted by Morgan, Lewis & Bockius, LLP, on behalf of Pfizer and
Fharmacia, at 25-29 (Docket No. 2001P-0323/CP1). FDA, in denying in part and granting in part the
Pfizer citizen petition, affirmed the Agency's position allowing therapeutic equivalence ratings through
505(b)(2) applications, See FDA's October 14, 2003, citizen petition response at 32-33. Although FDXA
agread with Pfizer's contention that the Agency could not assign therapeutic eqaivalence ratings to the
drugs at issus because of a difference in salts of the same sctive moiety, FDA did not agree with Pizer that
it lacked statutory authority to make therapeutic equivalence ratings through 505(b)(2) applications or Hat
it was required to promulpate procedures for such ratings through notice and comment rul=making. Id.

2 0n Fehruary 10, 2004, Jerome Stevens Pharmaceuticais, Inc. (JSP) submitied a citizen petition
concerning levothyroxine sodium {Docket No. 04P-0061). JSP amended its petition oo March 31, 2004,
That amendment publicly revealed that JSP had submitted 2 supplemental NDA containing a
bicequivalence study comparing its preduct Unithroid o Synthroid and secking that Unithroid be AB-rated
to Synthroid. The amendment also revealed that JSP had engaged i a dispute sesalunion procedure with
FDA concerning its supplemental NDA.

Tn its June 4, 2004, supplernent, Abbou requests that FDA andfor JSP disclose the material submitted to
FDA in ISP"s dispute resalution, including JSF's supplemental NDA. Abbot alleges that “[sjuch
disclosure would allow Abbott and others to refine the conclusions reached in the simulation and sudy.”
Abbott's Tune 4, 2004, supplement at 13, JSP's bicequivalence stody was suhaitted in support of its
application, and the information in that study is confidential under FDA's regulations. 21 CFR
314.43KD(1) Morzover, this information is irrelevam to the issues raised in Abbort's citizen petition.
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steps in the study design and data handling for bioeguivalence studies, including for
sampie collection and sampling times. General Considerations guidance at 6-11, 21-23,
In particuiar, the guidance recommends that bioequivalence studies measure only the
parent drnig reteased from the dosage form. General Considerations gnidance at [3, For
levothyroxine sodium, this recommendation means that T4 should be measured.
Furthermore, bioequivalence testing for levothyroxine sodinm products is actually
relarively simple because the drug is easily absorbed and can be measured in plasma.

The baseline correction method in the bioequivalence test for levothyroxing sodium
products is an anal ytical step that does not warrant guidance. Abbott comrectly states that
“[flor guidance docurnents that set forth initial interpretations of regulatory requirements
or deal with ‘complex scientific’ or ‘highly controvers:al’ issues, FDA's GGP
regulations direct the agency to publish in the Federal Register an announcement that a
draft guidance is available, accept and review comments, and publish 2 final draft before
implementatior.” Abbott Petition at 42; 21 CFR 10.115(c). However, GGPs do not
require FDA to publish 2 specific guidance concerning bioequivalence for levothyroxine
sodium products, particularly for an analytical step in determining bicequivalence (i.e.,
the baseline comrection method). This method for levothyroxine sodium products is not
an “interpretation” of a regulatory requirement for bioequivalence. FDA has already
provided its interpretation of the bioequivalence repulatory requirement in the General
Considerations guidance. Nor is the bioequivalence method for levothyroxine sodivm
products “scieptifically complex,” because the test onty involves measuring the drug (T4)
minus its appended salt (sodinm} in plasma. To the extent Abbott asserts that FDA's
baseline carrection method should be issued through guidance, this method merely
involves the subtraction of a pre-dose average measurement from the dosing

meaasvietmnents,

Moreover, despite petitioners’ ¢laims to the contrary, FDA's baseline correction method
for bicequivalence tests of levothyroxine sodium products is not “highly controversial,”
Abbott and Jones regard the issue as controversial because both firms may lose
significant market share if FDA approves generic versions of Synthroid and Levoxyl. As
Jones states: “It wiil not be possible for Jones to recoup this market share. , . .” Jones
Petition at 10. However, the economic interests of an NDA applicant do oot make an
issue “controversial” under the GGP requirements.

Second, communicating with potential generic drug applicants is a routine part of
FDA'’s business that is conducted by letter responses to guestioners, and not by
the issusnce of guidance documents. In 2002, the Office of Generic Drugs

- received 744 requests for information. In 2003, the Office of Generic Drugs
received 971 requests for information. In 2002, FDA approved 321 generic drug
products. If FD'A were required to answer questions from potential generic drug
applicants by issuing guidance documents, it would be impossible for the Agency
to fulfill its responsibility under the Act to approve every genenc drug-that meets
the statutory st:mdards
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Third, FDA has publicly announced that it would cease its former practice of developing
drug-specific bicequivalence guidances. On October 27, 2000, FDA published a notice
in the Federal Register announcing the availability of the General Considerations
guidance. 64 FR 64449. .The notice stated that the guidance “provides general
information on how to comply with the BA and BE requirements for orally administered
dosage forms under the bicavailability and bioeguivalence requirements regulations.”
The notice further stated that the guidance “is one of a set of planned core guidances
designed to reduce or sliminate the need for FDA drug-specific guidances.” The Agency
has not isseed any new drug-specific bioequivalence guidances since it made the General
Considerations guidance available.™

XV. Request for Stay

In its petition, Jones asks the Agency to stay approval or acceptance for filing of any
ANDA or supplemental ANDA for levothyroxine sodium tablets basing bioeguivalence
on the standards set forth in the BA guidance or those announced by FDA at the March
12-13, 2003, meeting of the Pharmaceutical Science Advisory Committee until (1) the
joint advisory committee meeting has convened, (2) FDA has established a new
bioequivalence methodology consistent with the petition, and (3) bicequivalence studies
in accordance with the new methodology have been submitted; or, untii FDA responds to
the petition.

Jones argues that it will suffer irreparable harm if FDA doss not grant the request for
stay. In support of this argument, Jones asserts that the approval of a generic
levothyroxine sodium tablet product will result in lost market share for Jones that will .
never be recovered, the appreval of 2 generic that is not actually bicequivaient ta its
reference listed drg will lead to a loss of goodwill among patients for Jones’ products,
and the approval of a generic levothyroxine sodism product will create confusion in the
marketplace as physicians begin prescribing the generic products. Jones Petition at 10-
11. Jones further asserts that some patients are likely to experience adverse clinical
respenses to generic products due to alleged 12.5 percent differences in actual drug
content, Jones Petition at 11, Jones concludes that these adverse patient outcomes will
result in a permanent loss of patient confidence in Jones™ product and 2 resulting loss of
sales. Jones Petition at 11. Jones also argues that the public interest favors granting a
stay because of the confusion in the marketplace that would be generated by ZEMETiCs

coming on the market and then disappearing. Jones Petition at 11.

FDA’s regulation at 21 CFR 10.35(¢) sets out the standard for review of a petition for
stay of action:

¥ One drug-specific guidance has been revised. On December 30, 2003, FDA published a notice of
availability of a draft guidance for industry on Clozapine Tabiets: In Vivo Bioaguivalence ard In Vitro
Dissolution Testing. The guidance was revised to advise sponsors that the Agency no longer recommends
conducting in vivo bioequivadence testing for generic clozapine tablets in healthy subjects. This revizion
was necessary because a high number of healtity subjects experienced serious adverse effects such as

. hypotension, bradycardia, syncope, and asystole during clozapine bioequivalence snudies.
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The Commissioner may grant or deny a petition, in whale or in part; and
may grant such other relief or take such other action as is warranted by the
petition. The Commissicner may grant a stay in any procecding if it is in
the public interest and in the interest of justice. The Comumissioner shall
grant 4 stay in any proceeding if ail of the following apply:

(1) The petitioner will otherwise suffer irreparable injury.

(2) The petitioner’s case is not frivolous and is being pursued in good
faith.

(3) The petitioner has demonstrated sound public policy grounds
supporting the stay.

{4) The delay resulting from the stay is not outweighed by public health or other
public interests.

FDA will not address Jones irreparzble injury argument or whether or not Jones® petition
has been filed in good faith and is not frivolous. Instead, FDXA has determmined that Jones
as failed to demonstrate sound public policy grounds for the stay ot that the dstay would
be outweighed by public health or other public interests.

Jones has not articulated sound public policy grounds supporting & stay. The oaly public
interest argument Jones can assert is that there would be confusion in the marketplace
generated by generics coming on the market and then “disappearing.” This objection
assumes that the Agency’s current standards for approval of ANDAs for levathyroxine
sodium will, upon considered public examination, be found inadequate. This assumption
is too speculative and too unlikely o form the basis of a public policy argument for grant
of a stay. As explained above, FDA's bioaquivalence method with baseline correction is
sound, and the petitioners have failed to demonsirate any need for FDA 10 withhold
application: of this standard, such as for referral to an advisory committee. This
conclusion is strengthened further because Jones itself does not offer an alternative
bioequivalence methodology or ANDA approval standards, but merely states a few
suggestions which, it acknowledges, “may contain flaws.” Jones Petition at 10. Thus,
bacause the merits of Jones' challenge to FDA’s bicequivalence method are
unpersuasive, Jones fails to provids any legitimate public policy grounds to stay the
application of this method.

Morecver, the levothyroxine sodium market currently consists of seven approved
jevothyroxine sodium products and a generic version of one of those products. Ttis
difficult to understand how the approval of generic versions of Levoxyl and Synthreid
would add greatly to any confusion that already allegedly exists from the existence of

multiple products.

Finally, even assuming that Jones’ confusion argument was a valid public policy reason
to grant a stay, the adverse cffects on applicants and consumers associated with a delay
resulting from a stay are not ontweighed by this reason. One of the purposes of the
Hatch-Waxman Amendments was to foster the availability of low-cost generic drugs.

. This important public policy would be frustrated if FDA were to grant the stay Jones
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requests. Levoxyl and Synthroid have significant market shares, and the policies behind
the Hatch-Waxman Amendments dictate that these products not be shielded from generic
competition. Grant of a stay for the actions requested by Fones would potentizlly delay

generic competition for many years.

For all of these reasons, FDA concludes that granting the stay requested by Jones would
not be in the public interest. Thus, FDA denies Jones’ request for a stey.

XV1. Coaclusion

For all of the reasons discussed above, FDA affirms that its bicequivalence methodology
for levothyroxine sodinm products (comparing baseline-corrected T4) is scientifically
sound. Therefore, FDA denies the petitions and the petition for stay. )

Sincerely yours,

[ ittt

William K. Hubbard
Associate Commissioner
for Policy and Planning



