INVITED COMMENTARY

Enzyme Inhibition as an Aid to Simplify
Pharmacokinetic Measurements?

enzyme dihydropyrimidine dehydroge-not a substrate for the enzymes in-
he widely used chemotherapeutitase (DPD). Several inhibitors of thevolved in dopamine synthesis. The ra-
agent 5-fluorouracil (5-FU) has been inenzyme are under investigation as addioactive signal coming from the meth-
the oncologist's armamentarium for thgjuncts for 5-FU therapy§-11). Concep- ylated derivative has to be separated
last 40 y. In spite of the widespread usgually, limiting the metabolism of the from that of the fluoroDOPA and fluo-
of 5-FU the success rate varies betweegryg will improve tumor targeting and rodopamine 14). This can be done by
10% and 30%; thus, any method ofnake lower doses effective in the tukinetic analysis, but the necessity of
either predicting or rapidly monitoring mor, reducing the normal tissue toxic-evaluating the additional parameters
the response of any particular tumor tqy, The preliminary results of theseadds to the uncertainty of the param-
this agent would clearly be welcome.qy gies appear encouraging. The santers of interest1s). The use of car-
This would allow the oncologist {0 grateqy has been applied by Bading etidopa substantially reduces the signal
rapidly adjust therapies either by changz; (12) \who used 5FF]FU imaging from the methylated derivatives and so
ing the dosage or .changmg to a_nOtr_'eétudies in an animal model. To investi-simplifies the kinetic analysis16).
compound that m_|ght be_ e_f_fectwe_ Ingate the effects of the inhibitor enilura-However, in this case, the enzyme
:jhoojse:cis\?vf)rllr(] V_\Il_g'iﬁi;hsn'g'tﬂ[:r]i%mepil -(5.—ethnyluracil), vvhich is a pptgnt iphibitor does not affect the metabo-
was one of th.e first tracer's prepare(th'b'tor of DPI_D ©®), it was adminis- !lsm of the traf:er in the organ of
with 8 (1) and has been used, in ered to the animals before BF]JFU. interest, the brain, but merely r_educes
conjunction with PET, in attempts, to Both the tumor u_ptake and the presencthe presence of Iabeleo_l metabolites that
measure the pharma’cokinetics of thé).f metgbolltes in the .tumor and theconfusg the mterpretgﬂon Qf the data.
compound in vivo in human cancerC'rCUI?t'o.n were investigated. The re- Thg |mprovement in the image qual-
patients ). Unfortunately, the com- sults |nd|cat§d that the tumor uptakety prlngs m'_to qguestion the nature of
pound is rapidly metabolized, whichWas substantially increased and metabdhe information that would be present
results in circulation of several Iabeledlism of the tracer was substantiallyin a 5-[!8F]FU—eniluracil image if the
metabolites that can penetrate the treduced in both the tumor and themethod is to be used on tumor patients.
mor ). Inthe PET study, these metabo_cir.culation.- Tumors impllanted on theThe first p_oint thgt can be made with
lites can be distinguished only by ki- @animal's thigh were yvgll imaged in thesomg confidence is that .the .results will
netic analysis of the uptake and washouRresence of the |nh|b|t_or pgt not in |tsprov_|de _real pharmaco_klnetlc d_ata for
data. The metabolism results in |imitedabsence: Clgarly, the-mhlblt(-)r ma@e ;;tudlgs |nlwh|cr_1 5-FU is used in con-
tumor uptake and requires complexdubstantial difference in the biodistribujunction with eniluracil. If the qualities
multicompartment models with mul- tion of the tracer. If the same inhibition of the human data are comparable with
tiple kinetic parameters to evaluate thi€f tracer metabolism can be obtained inhose obtained in rats, the data will be
uptake. These parameters are difficulfumans, then the use of eniluracil wouldf high quality and suitable for analy-
to evaluate with any confidence and, agrovide substantial improvement in thesis. However, two points suggest that
a consequence, thBF-labeled com- quality of human 5fF]FU images. broader application of this method to
pound has not been widely uset) for The same general strategy, inhibitingnterpreting the pharmacokinetics of
the evaluation of 5-FU therapy. Theunwanted metabolism of a tracer and-FU in the absence of DPD inhibition
rapid metabolism of the compound isthereby simplifying the pharmacokinet-should be applied with some caution.
also a confounding and limiting factorics modeling, has been used beforeBecause the first step in the primary
in the therapeutic use of 5-FU. 6-[*8F]fluoro-3,4-dihydroxyphenylala- route of metabolism of pyrimidines is
The first step in the primary meta-nine (fluoroDOPA), a tracer for cere-catalyzed by DPD, inhibition of this
bolic pathway of 5-FU is through the bral dopamine metabolism, has beeenzyme may result in a buildup, in the
used in conjunction with carbidopa, ancell, of pyrimidines and other metabo-
inhibitor of the enzyme catechdD- lites. Thus, the rate-determining steps
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For correspondence or reprints contact: Tim J. absence of the inhibitor the tracer ismetabolism and use—of both the en-
Tewson, PhD, Department of Radiology, University - methylated in the liver. The methylateddogenous species and the radioactive

of Washington, 1959 N.E. Pacific, Seattle, WA X X X X X K i
98195-6004. derivative passes into the brain but igracer, in the tumor and normal tissue—

ENzYME INHIBITION AND PHARMACOKINETICS ¢ Tewson 1725



will change when DPD is inhibited. As (12), may be somewhat more compli-

a consequence, the flux of the tracecated in that the effect of the modifier is
through the tumor will change. Thisboth remote to and involved in the

flux will represent the behavior of theregion of interest—in this case, the e.

tracer in the absence of metabolism byumor. This adds to the measurements
DPD and will not be applicable in the necessary to identify the role that each
presence of active DPD. As a secondzomponent of the relationship plays in

and perhaps secondary, consideratioljrecting the observed behavior. It also -

the dosage of 5-FU used in combinaadds an additional dimension in that it
tion with eniluracil is significantly less may be possible to measure the critical
than when the compound is used byehavior of the (unlabeled) metabolic

itself. This is because, although themodifier by its effect on the pharmaco- &

tumor-to-normal tissue toxicity is in- kinetics of the labeled tracer, if these
creased with eniluracil, the maximumare well enough understood.
tolerated dose of 5-FU is lower in the The primary role of nuclear medi-

presence of the inhibitorl{). As a cine is to image the function of the o

result, the full pharmacologic dose oforganism rather than its form. There-
5-FU used as a single agent cannot bre, whenever a functional tracer is

delivered safely in the presence of thaised in conjunction with a modifier of 1%

inhibitor. Thus, the pharmacokineticthat function the results have to be
data can be obtained only with a re-understood as a change rather than a

duced dose of 5-FU.

simplification or enhancement of that'*

The more general conclusion fromtracer. The effect on the images can be
studies where a metabolic modifier isassessed only when the changes in
combined with an imaging agent tofunction of the tracer produced by the
“simplify” the imaging data is that the maodifier are understood.

“simplification” is better characterized

as a symbiotic relationship than a sim-
plification. Then the imaging data can
be understood in terms of the behavior
of both the tracer and the metabolic
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modifier. This adds the Complicatior_‘REFERENCES

that we now have to understand the in
vivo kinetics of 2 different compounds
rather than just 1. With luck, or perhaps
good management, the behavior of the?:
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