Citation: CPT: Pharmacometrics Systems Pharmacology (2014) 3, e91; doi:10.1038/psp.2013.72

© 2014 ASCPT Al rights reserved 2163-8306/12

Www.nhature.com/psp

ORIGINAL ARTICLE

A Systems Pharmacology Perspective on the Clinical
Development of Fatty Acid Amide Hydrolase Inhibitors for

Pain

N Benson', E Metelkin O Demin? GL Li?, D Nichols* and PH van der Graaf®

The level of the endocannabinoid anandamide is controlled by fatty acid amide hydrolase (FAAH). In 2011, PF-04457845,
an irreversible inhibitor of FAAH, was progressed to phase Il clinical trials for osteoarthritic pain. This article discusses a
prospective, integrated systems pharmacology model evaluation of FAAH as a target for pain in humans, using physiologically
based pharmacokinetic and systems biology approaches.The model integrated physiological compartments; endocannabinoid
production, degradation, and disposition data; PF-04457845 pharmacokinetics and pharmacodynamics, and cannabinoid
receptor CB1-binding kinetics.The modeling identified clear gaps in our understanding and highlighted key risks going forward,
in particular relating to whether methods are in place to demonstrate target engagement and pharmacological effect.The value of
this modeling exercise will be discussed in detail and in the context of the clinical phase Il data, together with recommendations

to enable optimal future evaluation of FAAH inhibitors.
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The identification of cannabinoid receptors CB1 and CB2'-
and their endogenous lipid ligands has triggered an exponen-
tial growth of studies exploring the endocannabinoid (EC) sys-
tem and its regulatory functions in health and disease.* The EC
system has two endogenous ligands, 2-arachidonoyl! glycerol
and N-arachidonoyl ethanolamide (alternatively known as ara-
chidonoylethanolamide, anandamide, or AEA).57 AEA was the
first endogenous ligand found to bind to CB's® and is biosynthe-
sized by the activities of multiple enzymes. N-acyl transferases
(NATs) catalyze the synthesis of the precursor N-arachidonoyl
phosphatidylethanolamine (NAPE) from lecithin and cepha-
lin. NAPE-phospholipase D then catalyzes the conversion of
NAPE into AEA. AEA is in turn degraded by fatty acid amide
hydrolase (FAAH), which also catalyzes the degradation of
other fatty amides, including N-palmitoyl ethanolamide (PEA),
N-oleoyl ethanolamide (OEA), N-stearoyl ethanolamide (SEA),
and N-linoleoyl ethanolamide (LEA). It has been reported that
AEA is not stored in “resting” cells but is, instead, synthesized
and released “on demand” following physiological and patho-
logical stimuli, such as neuronal depolarization,® and thus rapid
coordinated synthesis and removal of AEA is required. The first
step in the inactivation of ECs requires fast (half-life t, , = 5min)
clearance from the milieu around their molecular target. Due to
its high lipophilicity, AEA can, in principle, diffuse through the
plasma membrane. Indeed, there is some evidence that AEA
binds its cognate receptor via the plasma membrane (Figure
1).° However, to explain the fast decay of effect, the transport of
AEA needs to be mediated to some extent by controllable and
selective mechanisms, such as either a membrane transporter
protein or an intracellular enzymatic process capable of rapidly
reducing the intracellular concentrations. The majority of the
available evidence supports the hypothesis that AEA is taken
up by cells via a selective, saturable, temperature-dependent,

and Na-independent “facilitated transport” mechanism, known
as the anandamide membrane transporter.’®"” However, to
date, the putative transporter or transporters remains to be
isolated or cloned.

The receptor CB1 is considered to be the most abundant
G-protein-coupled receptor in mammalian brain. Its activa-
tion can typically initiate responses such as the closure of
Ca? channels, opening of K* channels, inhibition of adenylyl
cyclase activity, and stimulation of kinase. Furthermore, CB1
agonists inhibit N- and P/Q-type voltage-activated Ca?* chan-
nels.’®20 This effect is proposed to underlie the CB1-medi-
ated depression of transmitter release at the y-aminobutyric
acid synapses in the CA1 field of the hippocampus?®' and at
the glutamatergic synapses in the dorsal striatum?>23; this
has led to the idea that CB1 agonism may have benefits in
some pain states.?* Importantly, however, ECs such as AEA
may also activate ion channels, including those of vanilloid
transient receptor potential cation channel subfamily V. mem-
ber 1 (TRPV1) receptors®>?® and thus, potentially at least,
AEA may also enhance nociception.

CB1 is a key mediator of the effects of cannabinoid drugs
such as tetrahydrocannabinol,?” which, in addition to the psy-
chotropic effects, has historically been speculated to have
analgesic and other medicinal effects.? In addition, there are
some preclinical data suggesting that EC-modulating drugs
such as FAAH inhibitors have efficacy in disease models
of pain,?* and hence many pharmaceutical companies are
exploring FAAH inhibitors and CB1 agonists as drug targets.?®

To this end, PF-04457845, an irreversible potent FAAH
inhibitor, was developed and subsequently found to
have good in vivo efficacy in an animal model of pain.®®
PF-04457845 was progressed to phase | clinical trials and it
was found that FAAH activity was inhibited >97% in plasma
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Figure 1 Cannabinoid receptor (CB) anandamide (AEA) binding
model. AEA partitions into the cell membrane due to its high
lipophilicity (log D7.4 = 5.7). It then diffuses laterally to the binding
site of the cannabinoid receptor CB1 (after Tian et al.). Observed
binding can then be given by the product of the partition coefficient
and the binding affinity, as shown in the figure (after Vauquelin and
Packeu). Hence, observed affinity (dissociation constant K) is
approximately the receptor binding affinity K’(200 nmol/l) x K-
(2.1x107%) = 0.4 pmol/l.

and significant increases in plasma AEA and other biomark-
ers of pharmacology were achieved.®! This article discusses
the use of a systems pharmacology approach to understand-
ing the wealth of complex and sometimes apparently con-
tradictory data relating to the use of FAAH inhibitors for the
treatment of pain. This work was carried out before the clini-
cal trials of PF-04457845 and was previously reported briefly
elsewhere.® By using physiologically based pharmacokinetic
and pharmacological models as a tool, in tandem with the
available preclinical and clinical data, this approach was used
(i) to develop a model of the human EC system to under-
stand the outcome of intervening pharmacologically and (ii)
to identify key missing data and knowledge. These quantita-
tive analyses will be discussed in detail in the context of clini-
cal efficacy data, together with recommendations for optimal
development of EC-modulating drugs.

RESULTS

To integrate all available data regarding the fatty acid etha-
nolamide metabolism and distribution in the human body, we
created a mechanistic ordinary differential equation-based
model as shown in Figure 2. To account for the known
mutually exclusive binding of ethanolamides to FAAH and
to enable the use of all clinical biomarker data for param-
eter estimation, the model included not only AEA, but also
OEA, PEA, SEA, and LEA. The resulting model was fit to
the individual clinical data for a single oral dose of 10mg
of PF-04457845. Supplementary Table S1 and Model S1
show the ordinary differential equations, parameters, and
data sources. Values were estimated from the clinical trial
data® with the remainder fixed, based on literature or in-
house laboratory data. It was found that a good fit to the
data could be achieved, provided FAAH-independent clear-
ance was included in the model (Figure 3). Figure 3 also
illustrates that removal of the FAAH-independent clearance
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Figure 2 Schematic representation of the systems pharmacology
model. Arrows represent binding, synthesis, degradation, and
transport processes. XEA (X = A, O, P, and S) relates to the various
ethanolamides (A — anandamide, O — oleoylethanolamide, P —
palmitoylethanolamide, and S — stearoylethanolamide). The terms
CB1 and CB1-AEA designate cannabinoid receptor CB1 and its
complex with anandamide, respectively. Empty circles indicate
fatty acid amide hydrolase (FAAH)-catalyzed XEA degradation and
PF-04457845 inhibition of FAAH. The question mark shows the
FAAH-independent clearance process. BBB, blood—brain barrier.

from the model (for example, assuming maximal rate of the
process equal to zero) resulted in both substantial changes
in the shape of the time-response curve and a significant
increase of more than 10-fold the maximal biomarker concen-
tration. The model was also able to accurately describe the
dose—response kinetics of FAAH activity in human plasma at
1 and 10mg of PF-04457845. Furthermore, this model also
accurately simulated the observed human dynamics of AEA,
LEA, PEA, and OEA at both 1 and 10mg of PF-04457845
(Figure 4). We used this model to simulate the brain CB1
occupancy in hypothetical patients at doses of 0.1-40mg.
These simulations showed that the projected occupancy
saturated at ~25%, independent of the drug dose. However,
increasing dose did prolong the time at peak receptor occu-
pancy (Figure 5). To obtain insight into the most influential
parameters in the model, we carried out a sensitivity analy-
sis.®® Integrating the resulting values yielded a representa-
tion of the influence of each parameter on the CB occupancy
in brain. The results are summarized in Figure 6 and show
that the five most influential parameters in their order of influ-
ence, respectively, were kdeg_FAAH (the degradation rate
constant for FAAH), p_A (the precursor substrate concentra-
tion for NAPE synthesis), b_FAAH_brain (brain FAAH con-
centration), a-NAT_A (the brain N-acyltransferase catalyzing
the synthesis of the AEA precursor N-arachidonoyl phospha-
tidylethanolamine from p_A), and Kp_b (the brain partition
coefficient).
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Figure 3 Initial simulations related to example clinical data. The
observed plateau in anandamide (AEA) response cannot be
adequately described without evoking an additional fatty acid
amide hydrolase (FAAH)-independent clearance process. The
open circles are mean clinical plasma AEA data, following single
oral administration of 10 mg of PF-04457845. The dotted line shows
simulations without a FAAH-independent clearance and the solid
line shows the results after including it.

DISCUSSION

Typically, preclinical species data are used as indicators of
probable drug efficacy in patients, with arguably some suc-
cesses in pain.®* However, the utility of animal models of
pain to predict outcome in humans in general is controver-
sial and in the case of FAAH inhibitors, there are reports of
both clear efficacy in inflammatory pain® and, conversely,
no activity.® In this context, we decided to use a quantita-
tive systems pharmacology approach to exploring the likely
risks for PF-04457845 before progression to patient trials.
This approach has the benefit that the model produced can
enable complex interactions to be accounted for, allow key
assumptions to be systematically identified, and furthermore
provide a tool using which these assumptions can be made
explicit and easily communicated.

Supplementary Table S1 and Model S1 summarize the
model, together with the equations and parameters used.
Due to a lack of human data, some of the parameters nec-
essary to construct the model were drawn from a range of
sources and species. Hence, a key caveat is that these may
not accurately represent the patient population values. Nev-
ertheless, we have shown that the current model adequately
describes the observed clinical end points in our data set.
From a sensitivity analysis of the data, we concluded that
parameters controlling the level of FAAH enzyme in the brain
were ranked most highly. To date, as far as we are aware,
there are limited data on this in humans, and estimates of the
relevant parameters in human brain would be useful to vali-
date our model estimates. From a pharmacology perspective,
the observation of the importance of brain levels of FAAH to
CB occupancy in brain implies that optimal efficacy may be
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dependent on the extent of the delivery of drug to FAAH in the
brain. Hence, a hypothesis on the basis of our model results is
that drugs with the maximum blood-brain barrier penetration
will arguably have the highest probability of delivering opti-
mal efficacy. The available data suggest that PF-04457845
exhibits good blood-brain barrier permeability.® The sub-
strate concentrations and enzyme involved in the synthesis of
NAPE were also influential, consistent with the AEA substrate
in brain being a limiting factor. Thus, our model suggests that
relevant contextual data on the precursor substrate levels
could be valuable to enhance our understanding. The parti-
tion coefficient for AEA into lipid was also found to be very
important to the prediction of CB occupancy. Given this, data
were generated in our laboratories to define this as accurately
as possible. These data were consistent with previous esti-
mates and confirmed the high lipophilicity of AEA.

Although the highest ranked parameters related to AEA
mainly, our sensitivity analysis showed that parameters influ-
encing other ethanolamides did also influence the outcome for
CB occupancy by AEA (not shown). This observation, together
with our assumption that the PEA, OEA, LEA, and PEA etha-
nolamide substrates bind mutually exclusively to FAAH, would
suggest that including all known substrates for FAAH in the
model may be important for accurately describing the receptor
occupancy dynamics. Nevertheless, it may also be possible to
simplify this aspect. The model is a tool that can enable inves-
tigation of this important question.

We used the model to compare the observed clinical bio-
marker data with predictions. A key conclusion drawn from
this modeling exercise was that the initial iteration of the
model could not explain the plateau observed in the data and,
therefore, a FAAH-independent clearance mechanism must
exist. A literature survey revealed that there are numerous
candidates for this process, including cyclooxygenases, cyto-
chromes P450, and hydrolases, in addition to nonenzymatic
routes such as renal clearance. By including an additional
clearance process in the model, estimating the parameters
for the clearance process from our data, and comparing these
values with those in the available literature, we were able to
quantitatively rank the possible mechanisms. This highlights
a key benefit of the systems pharmacology approach, specifi-
cally that the additional dynamic information can be used to
prioritize hypotheses. Table 1 summarizes enzymes that can
degrade AEA and, consequently, can be considered possible
candidates for role of “the unknown enzyme.” Selection of the
best candidate is based on the reasoning that “the unknown
enzyme” should start to contribute substantially to AEA deg-
radation when FAAH is completely (or almost completely)
inhibited with PF-04457845. This requirement yields a pla-
teau in the clinically measured time dependences of AEA
following PF-04457845 administration, as observed. The
reciprocal contribution of FAAH and “the unknown enzyme” to
AEA degradation can be interpreted in the following manner:
(i) in the absence of PF-04457845, FAAH is the main enzyme
responsible for AEA degradation and the contribution of “the
unknown enzyme” is negligible and (ii) when PF-04457845
inhibits FAAH, “the unknown enzyme” becomes the main con-
tributor to AEA degradation. One of the possible ways to meet
with these requirements is to assume that the K value of “the
unknown enzyme” with respect to AEA is greater than that
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Figure 4 Simulations of the model compared with clinical data assuming fatty acid amide hydrolase (FAAH)-independent clearance. (a,b)
Time dependence of FAAH activity and (c,d) concentrations of ethanolamides after single oral administration of (a,c) 1 mg and (b,d) 10 mg of
PF-04457845. AEA, OEA, PEA, and LEA: anandamide, oleoylethanolamide, palmitoylethanolamide, and stearoylethanolamide, respectively.
Dots indicate clinically measured data, and solid curves are simulation results.

of FAAH. In this case, inhibition of FAAH with PF-04457845
results in an increase in AEA and, as a consequence, accel-
eration of its degradation by “the unknown enzyme.” We have
found K values of all enzymes with respect to AEA in the lit-
erature (Table 1) and have concluded that cyclooxygenase-2
and N-acylethanolamine-hydrolyzing acid amidase only have
K, values greater than that of FAAH. However, similar to AEA,
the time dependence of PEA resulting from PF-04457845
administration also has a plateau (Figure 4). This means that
cyclooxygenase-2 cannot be a candidate for “the unknown
enzyme” because it cannot metabolize XEA with saturated
fatty acid (for example, PEA) and, as a result, must not
contribute to PEA degradation to provide a “plateau” time
response to PF-04457845 administration. Hence, we con-
cluded that the most likely FAAH-independent route was via
the enzyme N-acylethanolamine-hydrolyzing acid amidase.
This enzyme has structural and functional similarity to acid
ceramidase but no homology to FAAH. It belongs to the chol-
oylglycine hydrolase family and has an acidic pH optimum in
contrast with FAAH. The organ distribution of the messenger
RNA in rats revealed that it is widely distributed.®” The devel-
opment of specific inhibitors of N-acylethanolamine-hydrolyz-
ing acid amidase, along with appropriate pharmacokinetics,
will be useful to test the hypothesis that this enzyme is in
part responsible for FAAH-independent clearance in vivo.
This may be important if combinations of FAAH inhibitors with
other drugs are required for efficacy in pain. For example,
the use of R-profens in combination with FAAH inhibitors has
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recently been proposed for pain indications.® Our hypothesis
suggests that this may not be an optimal approach, unless
R-profens can significantly inhibit N-acylethanolamine-hydro-
lyzing acid amidase in vivo.

Figure 4 shows that the maximum plasma AEA achieved
was of the order of 10 nmol/l. The primary in vitro binding
affinity for AEA is reported as ~200 nmol/l.*® Given that the
free fraction for AEA in plasma is ~0.0001, this gives a maxi-
mum free concentration of ca 1 pmol/l. According to standard
free drug hypothetical assumptions around equilibrium of
free drug between compartments, this yields an occupancy
estimate of 0.0005%. Alternatively, it could be argued that
AEA is subject to effects that invalidate typical free drug
assumptions. In our modeling exercise, we used the following
distinctions; first, AEA accesses its receptor only after parti-
tioning to the plasma membrane and that the K .., can be
calculated according to ligand partitioning theory and K, .
=K, - Kp‘1 where Kd'obs = observed K, K, = local receptor
binding affinity, and K ' = partition coefficient between the
aqueous and internal membrane environment;*® and second,
AEA clearance between the plasma and brain is transporter
mediated. Taking into account these considerations, our sim-
ulations indicate a maximum occupancy in the region of 25%.
This model does not, however, account for any localized con-
centrations occurring, for example, due to physical separation
of AEA and its clearance mechanisms, and local occupancy
in excess of this value may be possible. One clear conclusion
however is that 25% or higher receptor occupancy implies
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Figure 5 Simulations of percentage cannabinoid receptor (CB)
occupancy in the brain according to the model at doses of 0.1-40mg.
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Figure 6 Sensitivity analysis plot showing the integral of the
sensitivity for each parameter in the model, calculated as described
in the Methods section without normalization. kdeg_FAAH (the
degradation rate constant for FAAH), p_A (the precursor substrate
concentration for N-arachidonoyl phosphatidylethanolamine (NAPE)
synthesis), b_FAAH_brain (brain FAAH concentration), a-NAT_A (the
brain N-acyltransferase catalyzing the synthesis of the anandamide
(AEA) precursor N-arachidonoyl phosphatidylethanolamine from
p_A), and Kp_b (the brain partition coefficient) are shown. FAAH,
fatty acid amide hydrolase.

that imaging technology*' may be an option to measure occu-
pancy and resolve these questions.

A limitation of our model is that it does not include the avail-
able data on the CB agonist 2-arachidonoyl glycerol, which is
thought to be mainly hydrolyzed in vivo by monoacylglycerol
lipase.*> Monoacylglycerol lipase has attracted interest as a
target for pharmacological intervention for various indications
including pain, and inhibitors of the enzyme have been devel-
oped.®® Thus, an interesting next step would be to develop a
model that includes 2-arachidonoyl glyceroland hence more
fully reflects all of the relevant biology. This model could be used
to explore questions relating to, for example, the benefits of
combinations of FAAH and monoacylglycerol lipase inhibitors.

Of critical importance for drug discovery in the endocan-
nabinoid pathway is the relationship between CB occupancy,
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Table 1 List of possible candidates for “the unknown enzyme”

Enzyme name K, with respect to K, with respect to

AEA (refs) PEA (refs)
FAAH-1 12.3 pmol/l [$1] 1.5 pmol/l [$3]
5.4 umol/l [$3]
2.4 pmol/l [$2]
CYP3A4 4-5 pmol/l [$4]
CYP4F2 0.7 pumol/l [$2]
CYP2D6 1-3 pmol/l [$5]
12-LOX 6 pmol/l [$2]
COX-2 23.7 pmol/l [$6]
FAAH-2 7.9+1.5 umol/l [$7] 4.3+1.4 pmol/l [$7]
NAAA 40 pmol/I [$10] 97 pmol/l [$8]
35 pmol/l [$9]
10 umol/I [$10]

$Literature cited is given in the Supplementary Material.

AEA, N-arachidonoyl ethanolamine; COX-2, cyclooxygenase-2; CYP,
cytochrome P450; FAAH, fatty acid amide hydrolase; NAAA,
N-acylethanolamine-hydrolyzing acid amidase; PEA, palmitoyl
ethanolamide; 12-LOX, 12-lipoxygenase.

the extent of nerve firing attenuation, and in turn the impact
of this on pain. There are some data, for example, in rat brain
slices, showing that AEA substantially depresses glutama-
tergic synaptic transmission in the striatum.? Indeed, in part
this observation has led to the hypothesis that CB1 agonists
may potentially have an antinociceptive effect. However, to
our knowledge, there are no quantitative data relating the
reported substantial depression of synaptic transmission (i)
with an analgesic effect or (ii) the level of receptor occupancy
to give a specific level of synaptic transmission attenuation.
Hence, a key conclusion from the systems pharmacology
perspective was that it is not possible at this point to draw any
conclusions on the extent of receptor occupancy required to
deliver sufficient decrease in nerve firing to affect nociception.

In summary, this quantitative systems pharmacology—based
evaluation of FAAH as a target for pain led to the following con-
clusions; firstly, although some significant and perhaps detect-
able CB1 occupancy could be expected by inhibiting FAAH in
humans, the quantitative data to predict an effect in pain are
lacking. Secondly, the impact of FAAH inhibitors is limited by a
FAAH-independent mechanism. Finally, the incomplete under-
standing of redundancies in the biology (for example, with
respect to effects of AEA not only on CB1 but also on TRPV1)
imply the presence of risks in interpreting the steady-state
outcome of perturbing this system with a drug. Notably, when
PF-04457845 was evaluated recently in osteoarthritis patients,
it exhibited no discernible analgesic effect.*

Taken together, these conclusions lead to the recommenda-
tions that any future progression of FAAH inhibitors for human
disease should be accompanied by efforts to develop tech-
nologies that will enable demonstration of pharmacology at
CB1, as advocated more generally by others.* In addition, a
better quantitative understanding of the relationship between
receptor occupancy and attenuation of synaptic transmission
should be developed, together with an improved knowledge
of how the components of the EC system behave in humans.
Together, these should enable more optimal development of
modulators of the EC system in the future. More generally,
this example shows the benefit of a systems pharmacology
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approach as an adjunct to traditional approaches to develop-
ing confidence in a target preclinically, rather than focusing
mainly on animal models of disease. The key added value
of the systems pharmacology discipline is to highlight ques-
tions that may be critical to a positive outcome but that are
obscured from a traditional drug discovery perspective due
to, for example, system complexity.*¢ The mathematical rep-
resentation of a model enables explicit communication of
assumptions and these can be challenged with data and
alternative hypotheses, in contrast with other approaches.
In addition, although such models undoubtedly have uncer-
tainties, this does not mean they are not useful because the
model was created to enable an enquiry into our understand-
ing, rather than specifically for the purpose of describing data,
as has been discussed recently.*” Furthermore, a model is not
static and can be improved by integrating appropriate data. If
this can be executed in a timely way, in tandem with model
construction, as has been successfully used in pharmacoki-
netic/pharmacodynamic model development, this will provide
a novel methodology to tackle attrition in drug discovery.

METHODS

The FAAH systems model

All models were developed and analyzed using DBSolve
Optimum (ISBSPb, Moscow, Russia) and Matlab/simbiology
version 2010b, 2011b, or 2013b (Matlab, Natick, MA). The
model comprised 39 variables and 75 reactions (for sum-
mary of model, reactions, parameters, and sources, see
Supplementary Table S1 and Model S1). Four physiologi-
cal compartments were introduced to model the behavior: the
brain, the plasma, the remaining parts of the body, and an
additional compartment representing the blood—brain barrier
formed by the microvascular endothelial cells. The blood—
brain barrier was introduced as the pathway for the clear-
ance of XEA (AEA, OEA, PEA, and LEA) between the brain
and the plasma. Clearance of ethanolamides between model
compartments and tissue binding was modeled according to
standard physiologically based pharmacokinetic techniques*®
taking into account a logD value for AEA of ~7.2 (Critchell K,
personal communication). The organ volumes and blood flow
rates were those for an average 70-kg human.*® The lipophilic
properties of AEA and other ethanolamides results in high-
affinity binding to both human serum albumin and lipoproteins.
Hence, the free fraction of XEA was very low and fixed at f ~
0.0001 (Pfizer in-house data). EC production was assumed to
be due to the NAPE-phospholipase D biosynthetic pathway.
FAAH hydrolyzes both AEA and other noncannabinoid etha-
nolamides and this was modeled assuming competitive inhibi-
tion at the FAAH active site. Rate equations for these enzymes
were derived in accordance with standard enzyme Kinetics
techniques,®® as given in Supplementary Table S1. Param-
eters of the rate equations were identified on the basis of in
vitro experimental data available in literature. Using in vitro
binding data from literature, AEA was assumed to bind to CB1
in the brain following initial partitioning of the agonist into the
plasma membrane before receptor engagement. The effective
dissociation constant was proposed to be ~200 nmol/l as was
reported in ref. 39. Parameters for the pharmacokinetics and
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irreversible inhibition of FAAH by PF-04457845, basal levels of
anandamide synthesis, and FAAH activity were identified using
clinical phase | trial data®' and assuming that steady-state
FAAH and AEA are given by the respective ratios of synthesis
and degradation rates. These data include (i) PF-04457845
pharmacokinetics, (i) FAAH activity, and (iii) time response in
concentrations of ethanolamides, measured in blood, resulting
from single administration of compound. Sensitivity analysis
was carried out using Matlab as follows. Assuming a model
has a species of interest, x, and two parameters, y and z, the
time-dependent sensitivities of x with respect to each param-
eter value are the time-dependent derivatives,

ox Ox

dy’ 0z

where the numerator is the sensitivity output and the
denominators are the sensitivity inputs. This principle can be

applied to n parameters. The absolute time integral was cal-
culated as in the manufacturers’ software.
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WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

v/ Thereisa significant body of data on the endo-
cannabinoid system, but the understanding of
the complex interactions is limited.

WHAT QUESTION DID THIS STUDY ADDRESS?

v/ What are the key risks of targeting FAAH for
pain?

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE

v The work highlighted key gaps in our knowl-
edge that prevented productive drug discovery
and suggested data and methods required to
optimize any further clinical development of
FAAH inhibitors.

HOW THIS MIGHT CHANGE CLINICAL
PHARMACOLOGY AND THERAPEUTICS

v/ More generally, this work is an example of how
a systems pharmacology approach can facili-
tate better decision making in the approach to
clinical evaluation.
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