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1. Introduction

1 am President and Founder of Longstreth and Associates, Inc. As a consultant and
previously with G.D. Searle, [ have specialized in assisting the pharmaceutical industry
on pharmacokinetic trial design, study conduct and data analysis, product life cycle
management, and generation. analysis, and utilization of pharmacokinetic and
pharmacodynamic information and issues. | have a Ph.D. in Biomedical Engineering
from The John's Hopkins University, with combined studies in Clinical Pharmacology
and Pharmacokinetics/Pharmacodynamics. My Curriculum Vitae is attached.

As requested I have reviewed the study report covering the oxandrolone-warfarin drug
interaction study sponsored by Savient Pharmaceuticals. In my role as a clinical
pharmacokineticist [ have read and produced many reports of a similar nature and so am
familiar with the type of question under investigation, standard study designs that try to
answer that type of question, the nature of the results likely to be generated, and the
methods of analysis applied to the observed data. The following document summarizes
my review and evaluation of the reported results of the clinical study sponsored by
Savient in order to describe the extent of the interaction between oxandrolone and
warfarin. The following discusses and evaluates observations made during the study in
light of the well known properties of warfarin and the various clinical interaction profiles
that warfarin has with other drugs.

The following discussion starts by briefly introducing the mechanisms of action of the
two drugs, oxandrolone and warfarin, before examining in sequence the three types of
drug-drug interactions for which warfarin is well known. Since each of these interactions
is found to be inadequate to explain the study observations, alternative explanations are
hypothesized. As with any appropriate hypothesis, predictions based on the hypothesis
may look good on paper, but the hypothesis needs to be tested with one or more an
appropriately designed studies before the hypothesis, i.e. the presumed explanation, can
be used to govern decision making. In the absence of a substantiated hypothesis
explaining and quantitving the source of the interaction between warfarin and
oxandrolone, empirical evidence needs to be, and can be, gathered on a case-by-case basis
for each oxandrolone drug product.

II. Mechanisms and Pharmacologic Activities

Oxandrolone is an analog of testosterone, the natural male androgenic hormone. As such,
1t is expected to have many, if not all, of the activities of testosterone. These include, but
are not limited to, stimulating or suppressing the formation of sperm (the direction of the
effect depends on the concentration), stimulating the formation of red blood cells,
stimulating the formation of muscle tissue, and shifting the nitrogen balance. These
processes involve the androgen molecule (testosterone or oxandrolone) entering the
nucleus of cells and interacting with parts of the genome that start, stop and modulate the
rate of synthesis of many proteins and protein precursors. The proteins that are produced,
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or have their production decreased, by the presence of an androgen then interact with any
of a number of cellular or tissue systems to produce effects such as those noted above.

Warfarin is a complex drug that has long been widely used as an anticoagulant. Its
primary therapeutic mechanism of action is to inhibit the vitamin K dependent
coagulation cascade. Vitamin K, when present. helps catalyze the conversion of inactive
forms of various coagulation factors (I, VII, IX, and X and proteins C and S) to their
active forms. Warfarin administration reduces the intracellular concentrations of the
active form of Vitamin K so that it is no longer as available as a catalyst, and thus the
coagulation factors tend to remain in their inactive configuration, even if the need for
coagulation is present. The clinical manifestation of too little vitamin K and not enough
active coagulation factors is prolonged bleeding in response to major and minor injuries.
Administration of warfarin reduces the total active amount of the various coagulation
factors synthesized by the liver, and in addition, the versions that are produced are often
not fully activated and have only limited biological activity. As with most drugs, the
actions of warfarin are probably not limited to the just the desired therapeutic target.
However. not much research appears to have been conducted on other effects of warfarin,
although it would seem reasonable that at the very least the synthesis or post-translational
modification of other proteins besides the previously noted coagulation precursors might
also be affected.

III. Known Mechanisms for Warfarin Interactions
A Interaction with warfarin protein binding

Warfarin has long been recognized as prone to clinically significant drug-drug
interactions. Most of these are recognized to result from the second drug interfering with
warfarin’s strong tendency to bind to albumin, a protein that circulates in the blood.
Approximately 99% of the warfarin that is measured in a plasma sample is actually
attached to albumin molecules, meaning that only about 1% of the circulating warfarin is
actually free (i.e. unbound) and available to move, act or diffuse into liver cells (where it
manifests its effect on coagulation factors) as blood circulates through the liver. Ifa
second drug is administered that also binds to albumin and thereby reduces the number of
albumin binding sites available to warfarin, then the amount of “free”” warfarin in the
circulation increases. This in turn increases the amount of warfarin available to enter the
liver cells and to slow and inhibit the actions of vitamin K. A small change in the amount
of protein binding. e.g. a drop from 99% to 98%. can have a dramatic effect on the
amount of free warfarin. The 1% drop actually amounts to a doubling of the circulating
free concentrations from 1% to 2%, and thus produces an effect equivalent doubling the
amount of warfarin administered.

The pharmacological mechanism by which oxandrolone acts to affect the potency of
warfarin therapy has not yet been investigated. The obvious hypothesis is to assume that
oxandrolone. like many other drugs, interferes with the protein binding of warfarin
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leading to increased concentrations of free wartarin and increased anticoagulant activity.
Drug-drug interactions caused by interference with warfarin’s protein binding are
commonly encountered and the effects are predictable. For instance, once warfarin
activity has been stabilized under the new conditions (for example, with oxandrolone on
board), the free warfarin concentrations after stabilization will be similar to what they
were before oxandrolone was added, but the total concentrations (frec warfarin + bound
warfarin) will be lower. The effects on protein binding might be different for the two
stereoisomers of warfarin (R-warfarin and S-warfarin) so determining the actual extent in
the changes in the concentrations of the combination can be relatively complex. In the
study the AUCs (an overall measure of concentration exposure) for total R-warfarin, total
S-warfarin and the combination of total R+S-warfarin all were lower in the presence of
concomitant oxandrolone than when oxandrolone was not present. This particular result
is consistent with a decreased protein binding in the presence of oxandrolone. Free
warfarin concentrations were not measured during the study so the prediction of no
change in that parameter cannot be evaluated.

Another effect expected from a drug-drug interaction that reduces protein binding is an
increased rate of elimination for warfarin. This is the result of an increase in the
clearance of total drug secondary to an increase in the fraction of the circulating warfarin
that is not bound to albumin. An increased elimination rate for warfarin leads to a
shortening in the warfarin elimination half-life. This prediction is the opposite of what
was actually observed in the study with oxandrolone. In the study both R-warfarin and S-
warfarin showed increases in elimination half-life, rather than the shortening predicted
assuming the drug-drug interaction was mediated by protein binding. Therefore altered
protein binding alone is not a suitable explanation for the oxandrolone-warfarin
interaction. and dosing corrections made in the clinical setting based on that premise will
be inappropriate.

B. Interaction with warfarin metabolism

A second very common mode by which drugs interact is for one drug, or both, to affect
the rate of metabolism of the other, and thus to alter how fast one or both drugs are
removed from the body. Warfarin is reported to be nearly completely absorbed from the
gastro-intestinal tract after oral administration. However, it is partially metabolized in the
liver during its first pass through the liver on its way from the gut (where the tablet was
absorbed) to the general circulation. R-warfarin is reported to be primarily metabolized
by the metabolic enzymes named CYP 1A2 and CYP 2C19, whereas S-warfarin is
reported to be primarily metabolized by the metabolic enzyme named CYP 2C9. When
two molecules compete for the same metabolic pathway, the usual result is that sharing
the metabolic pathway leads to the metabolism of both molecules being slowed relative to
what would occur if either was present alone. Therefore, if warfarin is one of these
molecules and oxandrolone the other, their competition for one or more of the metabolic
enzymes will result in a slowed elimination and prolongation of the warfarin half-life. In
addition, the associated decrease in the first pass metabolism would increase the
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circulating warfarin concentrations (increase the AUC) if the dose was maintained the
same. Alternatively, the warfarin dose could be reduced in the presence of warfarin in
order to keep concentrations and effects in the desired range. Alterations in the
metabolism do not affect the activity of the drug, and a drug-drug interaction based on
metabolic interference is predicted to result in equal anticoagulant activities as long as the
drug concentrations (i.e. AUCs) are similar. However, smaller warfarin doses will give
those equivalent concentrations (and AUC) when the interfering drug is present.

Consistent with expectations for a metabolic interaction, warfarin doses in the study did
need to be lowered when oxandrolone was present. Also, as predicted from the slowed
metabolic elimination. the warfarin elimination half-life was observed to increase.
However, the prediction that the equal anticoagulant effect would be the result of equal
warfarin blood concentrations was not observed. Since the concentrations of both R-
warfarin and S-warfarin were substantially lower when oxandrolone was present
compared to when it was not present,

an explanation based on slowed metabolic clearance is
inadequate. Therefore metabolic inhibition is not a suitable explanation for the
oxandrolone-warfarin interaction, and dosing corrections made in the clinical setting
based on that premise will be inappropriate.

C. Interaction with the absorption process

Another class of drug-drug interactions that has received increased attention in recent
years is interactions resulting from one drug affecting the rate or extent of absorption of a
second drug from the gastrointestinal tract following the swallowing of a tablet or
capsule. The usual result in this type of interaction is that administration of the
combination of the two drugs leads to a greater fraction of one or both of the drugs
reaching the systemic circulation than if the drugs were being used as just single agents.

The obvious way to compensate in the clinic for this increased absorption is to administer
less drug. In this way a targeted blood concentration can be attained. and the desired
effect will be closely tied to that targeted concentration.

However, warfarin is known to be essentially 100% absorbed when administered alone,
so it is not possible for a second drug to further increase the fraction of the warfarin dose
that is absorbed. Therefore this potential mechanism can be ruled out as playing a role in
the warfarin-oxandrolone interaction. Furthermore, since it was observed that a smaller
warfarin dose was required to produce the targeted anticoagulant effect when
oxandrolone was present compared to when it was not, we can also rule out the more
unusual type of absorption based drug-drug interaction where the addition of a second
drug actually reduces the extent of absorption of the first drug. (Note: The case where the
absorption remains unchanged, i.e. at about 100%, but the extent of first pass metabolism,
and therefore the fraction of the dose reaching the blood stream is reduced by
oxandrolone, was considered in the preceding metabolic interaction section.)
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'V.  Hypothesized Mechanisms for Warfarin Interactions
A. Altered Pharmacodynamics

As noted near the beginning of this discussion, oxandrolone has a mechanism of action
that involves modulation of protein synthesis, while warfarin’s known mechanism of
action involves the modification of proteins after they have been synthesized. By
reducing the activity and amount of vitamin K, warfarin alters the rate and extent of the
catalytic conversion of coagulation factors from inactive forms to one or more versions of
the active, or partially active, forms. Thus. both oxandrolone and warfarin have effects
on protein quantity and protein activity, although they act at different places in the “life
cycle” of proteins. In general. oxandrolone and warfarin do not act on the same proteins.
but there may be some overlap.

Whether warfarin affects proteins other than those found in the coagulation cascade is not
known, but based on historical experience with almost all other drugs, total inactivity
outside that small sub-category of proteins is unlikely. Similarly, testosterone, and
therefore probably oxandrolone, has profound effects on a wide variety of body systems
including muscle formation, red blood cell formation, sperm production, and mood
elevation. Given this very broad spectrum of actions it cannot be assumed that
oxandrolone has no impact on the production of any protein that also falls within the
sphere of influence of warfarin. Interactions of this type are termed pharmacodynamic
interactions (as distinguished from the pharmacokinetic interactions discussed above).

Pharmacodynamic interactions are the most difficult to study, evaluate and prove. In
practice, they are often identified by the elimination of other possibilities, such as those
discussed above. However, just invoking the existence of a pharmacodynamic interaction
is not an answer in itself. There are such a large number of ways that the
pharmacodynamics can be altered that no general predictions can be made as to how
patterns will be altered in specific instances, for instance warfarin and oxandrolone,
without knowing the actual details of the pharmacodynamic interaction. Commonly
invoked pharmacodynamic interactions are competition for receptors, modulation of
receptor sensitivity, increasing or decreasing the number of receptors available. altering
the availability of a precursor molecule, altering the rate of synthesis or destruction of
critical enzymes. carriers or receptors, and altering gene expression and/or protein
turnover.

Pharmacodynamic mechanisms typically cannot be discovered using clinical trials. They
require numerous studies in model systems, and the testing and elimination of several
proposed hypotheses. Without specific knowledge of the source and extent of a
pharmacodynamic interaction, clinical comparisons require case by case evaluation for
each oxandrolone drug product.
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B. Combinations of pharmacokinetic interactions

As noted above, no single commonly encountered drug-drug interaction is consistent with
the observations in even the single study that is under discussion. Each of the suggestions
has at least one predictable outcome violated by the study observations. The next step,
logically. is to evaluate whether a combination of two or more of the previously proposed
interaction mechanisms might improve the match between prediction and observation.

A reasonable candidate for a combination interaction is for oxandrolone to both interfere
with warfarin protein binding and to decrease warfarin metabolism. Directionally, in the
presence of oxandrolone the required warfarin dose to produce a given effect should go
down, the warfarin half-lite should be prolonged, the apparent “sensitivity” to warfarin
should be increased, and the overall exposure to warfarin (the AUC) should be less. All
these events were observed in the oxandrolone-warfarin interaction study. However,
directional consistency is not the same as qualitative or quantitative success. This
combination mechanism is an hypothesis, that is, it is just a possible explanation. and
probably one of many possible explanations. [t should not be assumed to be true until it
is tested and challenged by appropriate experiments.

In the opinion of this reviewer, it is very probable that the combination mechanism
proposed above will also prove to be insufficient to explain the study observations. This
conclusion is based the knowledge that testosterone, the molecule which oxandrolone
mimics, has profound effects on the synthesis rate and turnover rate of many proteins at
the level of gene expression. | am unaware of any reports of warfarin acting on gene
expression, but it does exert its anticoagulant effect by altering the post-translational
modification of proteins. Thus there is an obvious setting for a pharmacodynamic
interaction to occur, with oxandrolone altering the size and possibly even the nature of the
precursor pool of proteins whose conversions are catalyzed by vitamin K, and vitamin K
activity in addition being modulated by warfarin. As indicated above, only experimental
approaches can help identify the correct, or most appropriate, mechanism or combination
of mechanisms. Thought experiments are useful for directional evaluation, but they are
not capable of providing sufficiently strong outcomes to substitute for clinical experience.
Dosing corrections made in the clinical setting based on the presumed, but untested,
details of an interaction may lead to inappropriate dosing in some settings.

V. Summary

The drug-drug interaction that has been reported between oxandrolone and warfarin is
superficially similar to many well known warfarin interactions. However, when
examined for consistency, the clinical and pharmacokinetic observations in the case of
oxandrolone and warfarin violate at least one expected outcome for each of the traditional
explanations. Consideration of more complicated mechanisms (pharmacodynamic or
combinations) suggests that rational explanations for the observed behavior can be found,
but that at the current time there are too many possibilities and too little information to
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select the appropriate explanation. It is not clear at this time how the rate and extent of
oxandrolone and warfarin availability interact, which parameters can be used to assess the
extent of the interactions, or whether the effects are fundamentally pharmacokinetic or
pharmacodynamic in nature. Therefore, any proposed explanation at this time needs to be
regarded as an hypothesis, and subject to experimental evaluation.
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