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ABSTRACT

Lometrexol inhibits the first folate-dependent enzyme
in de novo purine biosynthesis and is avidly polyglutamated
and retained in tissues expressing folylpolyglutamate syn-
thetase. Aithough ciinical studies have been limited by cu-
mulative toxicity, preclinical studies show that pretreatment
with folic acid can protect normal tissue while maintaining
tumor cyvtotoyicity, Therefore, a Phace I study of lometrexaol
every 21 days preceded by i.v. folic acid was initiated. Lome-
trexol was studied in six patients at 15 mg/m?, in six patients
at 20 mg/m’, in three patients at 25 mg/m?, and in nine
patients at 30 mg/m>. Patients received either 5 mg of folic
acid 1 h before or 25 mg/m? 3 h before lometrexol. Blood
samples were obtained around the first course and weekly
thereafter for determination of plasma and erythrocyte
(RBC) lometrexol concentrations. Bioactive folates in
plasma and RBCs were determined in a subset of patients.
Lometrexol pharmacokinetics were best described by a
three-compartment model. Mean clearance and volume of
distribution were 1.6 = 0.6 liters/h/m? and 8.9 *+ 4.1 liters/
m>. Mean half-lives were 0.23 + 0.1, 2.9 + 1.4, and 25.0 +
48.7 h. Pharmacokinetics were independent of either lome-
trexol or folic acid dose. In the weekly blood samples, RBC
lometrexoi ievels rose, iong after piasma lometrexoi was
undeieciabie. RDC 10meirexol €veis were independeni of
folic acid or lometrexol dose. Bioactive folates measured in
plasma and RBCs during this same time period did not
accumulate. Rising RBC levels were correlated with a fall in
hematocrit, hemoglobin, and platelet count. This study in-
dicates that the cumulative toxicity of lometrexol is related
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to tissue concentration and not plasma pharmacokinetics.
RBC lometrexol may be an indicator of cumulative drug
exposure and effect.

INTRODUCTION

Lometrexol [(6R)-5.,10-dideaza-5,6,7.8-tetrahydrofolic acid]
is an antifolate antimetabolite with a broad spectrum of cytotoxic
activity against preclinical murine tumor model systems and hurman
tumor xenografts (1, 2). Unlike classical antifolates, lometrexol acts
by inhibiting glycinamide ribonucieotide formyltransferase, the
first folate-dependent enzyme in the de novo purine biosynthetic
pathway (1). In addition to its unique mechanism of action, lome-
trexol is an excellent subhstrate for FPGS? and is avidly polygiuta-
mated (1, 3). It has been demonstrated previously that the polyglu-
tamates of lometrexol are more potent inhibitors of glycinamide
ribonucleotide formyltransferase than lometrexol itself (4, 5). Fur-
thermore, in addition to having a higher affinity for their target
enzyme, polyglutamated anabolites are retained intracellularly for
proionged periods of time (3).

Because of promising preclinical activity, clinical trials of
lometrexol began almost 10 years ago; however, the utility of
lometrexol has been limited by serious toxicities (thrombocyto-
penia, leukopenia, and mucositis), which appear to be cumula-
tive and long-lasting (6, 7). It has been speculated that this
cumulative toxicity may be related to the formation and reten-
tion of polyglutamated anabolites, resulting in longer than ex-
pected drug exposures in certain target tissues. In a previous
Phase I study of lometrexol (7), unpublished data indicated that
RBC folate ievels appeared to increase over time and remain
elevaied for monihs. Because the RBC folates in that “uuy WEIT
measured using a commercially available assay that cross-reacts
with lometrexol, it was hypothesized that lometrexol was accu-
mulating in RBCs. Tissue levels of other antifolates, such as
methotrexate in erythrocytes, have been used as a measure of
long-term drug exposure (8).

Dietary folic acid supplementation has been shown to
modulate lometrexol toxicity without diminishing antitumor ac-
tivity in preclinical models (9). As a result, recent clinical trials
of lometrexol have all included the use of either prior or con-

current folic acid treatment. One such trial using folic acid
eunnl_gmen!a!g@n beog!‘\_!'g!g\_ﬂ 1 week nnnr and rnnhmnno for 1
week following lometrexol demonstrated that much hlgher
lometrexol doses could be given without cumulative toxicity
(10). However, due to concerns that overly aggressive folic acid
supplementation might rescue tumor as well as normal tissues,
the current study evaluating the administration of lometrexol
every 3 weeks preceded by a singie i.v. dose of foiic acid was
undertaken. Because of its delayed toxicity profiie, prolonged

* The abbreviations used are: FPGS. folylpolyglutamate synthetase:
AUC, area under the concentration versus time curve.
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pharmacokinetic and pharmacological monitoring of lometrexol
were important correlates of this clinical trial.

MATERIALS AND METHODS

Patients. Patients with a histologically documented di-
agnosis of a solid tumor were eligible for this study if they met
the following inclusion criteria: (a) age of =21 years, (b) life
expectancy of at least 4 months and Karnofsky performance
status of =60%, (¢) no chemotherapy or radiation therapy for at
least 3 weeks prior to study entry, (d) evidence of adequate renal
and hepatic function, (e) evidence of adequate bone marrow
function, and (f) ability to give volumary informed consent.
Paiienis were ineligible if they mei any of the following exclu-
sion criteria: (@) concurrent use of cytotoxic therapy or multi-
vitamins containing folic acid, (b) presence of partial bowel
obstruction or inflammatory bowel disease, (¢) concurrent treat-
ment with allopurinol. (d) presence of active infection, (e)
presence of active angina pectoris or other uncontrolled heart
disease, or (f) presence of other uncontrolled medical or psy-
chiatric condition.

Treatment Protocoi. The starting dose ievei of iome-
trexol was 30 mg/m* by rapid i.v. injection repeated every 3
weeks. Patients originally received 5 mg of folic acid by rapid
v, ‘nerhnn 1 h hefore ﬁernlahnc doges of lometrexoal, Due to

the occurrence of cumulative toxicity at the first dose level,
lometrexol dose levels were subsequently lowered to 20 and
then 15 mg/m>. With the continued incidence of cumulative
toxicity, the study was amended to increase the folic acid
pretreatment dose to 25 mg/m> given 3 h before lometrexol. The
amended folic acid dose and schedule were chosen based on
previously published experience with plasma S-methyitetrahy-
drofolate levels (11). With the revised folic acid pretreatment,
the starting lometrexol dose was 15 mg/m’. The dose was
subsequently escalated in cohorts of three patients to levels of
20, 25, and 30 mg/m>.

Pharmacokinetic Sampling. Peripheral blood samples
were obtained from all patients around the first course at the
following times: immediately prior to treatment and 5 and 30
min and 1, 2, 4, 6, 12, 24, and 48 h after lometrexol. Blood was
drawn weekly thereafter for determination of both plasma and
RBC iumeuexol and bivaciive folaie conceitrations for as |u||g
as a patient remained on study. Samples for plasma analysis
were centrifuged, and 1-ml aliquots were transferred to tubes
containing 1 mg of ascorbic acid. For the weekly blood samples,
0.5 ml of whole blood was removed prior to separation of
plasma, diluted 1:10 with 0.1% ascorbic acid, and incubated for
30 min at 37°C to lyse the RBCs and cleave both the lometrexol
and endogenous folate polyglutamates to monoglutamates
through the action of endogenous conjugase (12). Ali samples
were stored frozen at —70°C or colder until analysis. Ascorbic
acid was added to all whole blood and plasma samples to
prevent ex vive oxidation of endogenous folates,

Determination of Plasma and RBC Lometrexol.
Lometrexol in plasma and whole blood was determined using a
previously published high-performance liquid chromatography
assay (13). Briefly, following a solid-phase extraction step using
cation-exchange cartridges, chromatographic separation was
achieved isocratically across a phenyl column. Using UV and

electrochemical detectors in series for low and high sensitivity,
respectively, lometrexol was determined over the entire range of
clinicaily achievabie concentrations with a single injection. This
method has a percentage recovery of >85% and a limit of
quantitation of 20 ng/ml and is accurate and precise to within
5.5%.

Determination of Plasma and RBC Bioactive Folates.
Rioactive folates in plasma and whole blood were determined
using a previously published microbiological assay (14). The
assay is based on the growth of Lactobacillus rhamnosus
(ATCC 7469, NCIB 10463), formerly Lactobacillus casei. Pre-
vious investigators have shown that longer chain folate poly-
glutamates are inactive in the L. casei microbiological assay
(15). Therefore, whole blood samples were first incubated in the
presence of endogenous conjugase to convert folate polygluta-
mates to monogiutamates (12). Moreover, because lomeirexol
appeared to inhibit the growth of L. rhamnosus, even when
hypoxanthine or inosine was added to the assay medium, an
extraction method was devised to separate bioactive folateg
from lometrexol. Blood was processed for both plasma and
whole blood analysis, as described previously for the determi-
nation of lometrexol. For plasma, 0.3 ml of sample was diluted
with 0.6 ml of 0.1% ascorbic acid and 0.3 ml of 0.5 M acetic acid
was added. For whole blood lysate, 0.1 ml of 0.5 M acetic acid
was added to 1.0 ml of the lysate. The resulting pH was in the
range of 4-5 for both plasma and whole blood lysate. Baker-
bond C,g columns (VWR Scientific, Cerritos, CA) were pre-
conditioned with 3 ml of methanol, followed by 3 ml of distilled
water and 3 ml of 0.1% ascorbic acid, without allowing the

snlimne ta dre Tha asidifiad whala hlasad lveata and nlacomn
CEMnSs W0 Gry. 16408 aCiGinadd Wiali€ Ci000 1ysaw and puasia

samples were loaded onto preconditioned columns, and folates
were eluted with 1.0 ml of 0.1% ascorbic acid and 10 ml of 7.5%
acetonitrile in 0.1% ascorbic acid. The sample flow-through,
ascorbate wash, and 10 ml of 7.5% acetonitrile in 0.1% ascorbic
acid were pooled together. The pooled eluate for each sample
was analyzed for total bioactive folates. The solid-phase extrac-
tion method developed for use in this study resulted in recovery
of 81 * 11% of 5-methyltetrahydrofolate from spiked samples.

Pharmacokinetic Modeling. Plasma lometrexol data
were fit with either a two- or three-compartmental pharmacoki-
aetic mode! using ADAPT I software (16). The compartmental
model that best described lometrexol disposition was identified
and used to determine the primary (e.g., V., Ko, K;2, K5;, K5,
and K5,;) pharmacokinetic parameters. Secondary pharmacoki-
netic parameters (Cl,cma: Vo, half-lives, and AUC) were de-
rived from the model-generated primary parameters.

Statistical Methods. The Akaike Information Criterion
(17) was used to identify the compartmental pharmacokinetic
model that best described the disposition of lometrexol. Distri-
bution of the pharmacokinetic parameters were expressed as
means * SD. For analysis of the plasma pharmacokinetic data,
the natural logarithm transformation was used to correct for
heteroscedasticity. After transformation, a general linear regres-
sion model was used to evaluate the association between each
pharmacokinetic parameter and either the lometrexol or folic
acid dose. Significance testing was done using an F test based
on the regression model, with P < 0.05 being considered
indicative of a significant difference.
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Fig. | Representative plasma versus time curves for lometrexo! in
patients receiving 15, 20, or 30 mg/m* lometrexol with i.v. folic acid
supplementation. Curves were generated in ADAPT II using a three-
compartment pharmacokinetic model.

Table I Plasma pharmacokinetics by lometrexol dose
Lometrexol
dose QLS Vs Lz, hiz hiz
(mg/m?)  n® (litersW/m?) (liters/m®  (h-1)  (h-1) (b T)
15 6 1.7 11.0 0.19 29 30.7
20 6 1.4 6.8 0.25 29 7.9
25 3 1.4 10.2 0.22 29 6.5
30 9 1.7 85 024 2.8 387

247 1.6+0.6° 8.9+4.1° 0.23+0.192.9+1.4°25.0=48.7°

“ Number of patients per dose level.
" Total number of patients.
“Mean X SD.

RESULTS

Patient Characteristics. Between March and December
of 1995, 24 patients were entered into this study. There were 12
men and 12 women, whose tumor types included colorectal (n =
11), lung (n = 6), breast (n = 4), and miscellancous (n = 3)
cancers. Six paiienis eacit were ireaied wiih 13 and 26 mg/m’
lometrexol, whereas three patients received 25 mg/m”, and nine
patients were treated with 30 mg/m?. Of the patients treated with
15 and 20 mg/m? lometrexol, three received 5 mg of i.v. folic
acid | h before whereas the other three received 25 mg/m* 3 h
before the lometrexol. All of the patients treated at the 25 mg/m?
dose level received 25 mg/m* of folic acid 3 h before the
lometrexol. At the 30 mg/m” lometrexol dose level, three pa-
tients received 5 mg of i.v. folic acid 1 h before whereas the
other six received 25 mg/m” 3 h before the lometrexol. As
reported previously (18), dose-limiting toxicities were encoun-

tared an cvclac 2 and T in most natiante  recardlace of the
WiTs On TYUEs & and 2 o MNeS paucnis, garticss O Wil

lometrexol dose level. Grade 3 and 4 toxicities included neu-
tropenia, thrombocytopenia, anemia, mucositis, and fatigue.
Anemia was the most common toxicity encountered, with S of
24 patients requiring transfusions.

Plasma  Pharmacokinetics. First-dose  lometrexol
plasma pharmacokinetics were determined in all 24 patients

o — S R -
AUC 35 ®
(mg/Lxhr)
30
25
20
15
10
5 -
10 15 20 25 30 35
Dose (mg/m2)
Fm 2 Rel'mnmhm between lometrexol dase and ALIC calenlated hy
dmdmg the dose by the model-derived systemic clearance. Line was
generated by lincar regression analysis.
Tabie 2 Effect of folic acid pretreatment on lometrexoi plasma
pharmacokinetics
5 mg i.v. folic acid 25 mg/m” i.v. folic
1 h before acid 3 h before
Pharmacokinetic lometrexol” lometrexol”
parameter (n=9) (n=15) P’
1.7 06 1.5 206 0.30
v, Giers/ar’ 88+ 16 9.0 5.1 0.54
tip, (") 0.2 +0.2 0.2 * 04 0.86
Tizg (1) 2101 33+ 14 0.05
Ty (W~ ") 32.1 £ 737 20.7 +27.2 043
“ Mean + SD.

# F test based on regression model.

entered on study. Fig. 1 shows representative plasma concen-
tration versus time curves for each of three lometrexol doses.
Lometrexol elimination showed a triexponential pattern of de-
cay, and the pharmacokinetics were best described by a three-
compartment model in 16 of 24 patients, according to the
Akaike Information Criterion. As shown in Table 1, the mean
lometrexol CI and V, were 1.6 * 0.6 liters//m” and 8.9 *

‘1 l lllCl\llIl . ICB})CLIIVCI’ lVlCdll a, P dlIU Y lldll IIVC\ wcCic
0.23 £0.1,29 £ 1.4, and 25.0 = 48.7 h, respectively. Cl,, ..
was independent of dose, as evidenced by a linear increase in
AUC with increasing dose (Fig. 2).

The effect of folic acid pretreatment on lometrexol plasma
pharmacokinetics was explored, and the results are shown in
Table 2. A total of 9 patients received 5 mg of i.v. folic acid | h
before lometrexol, and 15 patients received 25 mg/m” 3 h before
lometrexol. As shown in Table 2, with the exception of ¢,,,5,
there were no significant differences in any of the lometrexol
pharmacokinetic parameiers in patients receiving either of the

plasma

o I luctratee the ificant inte
L 38 & IRUSHAWS T signiucant uu\—lyu

tient variability observed in plasma AUC, with a 4-fold range in
patients treated at the 30 mg/m? dose level. Despite this wide
variation in plasma lometrexol exposure, pharmacodynamic
analyses were unable to identify any relationships between
plasma pharmacokinetics on the first course and the occurrence
of dose-limiting toxicity.

atmant 4
Proutainicnt egimicns
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Fig. 3 Representative RBC lometrexol versus time plots for patients
receiving either 5 mg i.v. folic acid | h before (4) or 25 mg/m* 3 h
before (B) lometrexol. RBC lometrexol was expressed as ng/ml of
packed RBCs.

RBC Pharmacokinetics. Weekly RBC lometrexol data
were available in all 24 patients enrolled on study, with a
median follow-up of 39 days (range, 14-111). Fig. 3 shows the
RBC lometrexol levels versus time for each patient receiving
either 5 mg of i.v. folic acid 1 h before (Fig. 34) or 25 mg/m’
3 h before (Fig. 3B) lometrexol. Although plasma lometrexol
was undetectable in all patients within 72 h after a dose and
remained undetectable throughout the follow-up period, RBC
loimetrexol kvels mcasurcd in wockly blood samples 7osc be-
tween courses. RBC lometrexol levels were detectable starting
at around 4 days following the first dose and continued to rise
weekly in every patient. Furthermore, the rate and extent of
apparent lometrexol accumulation in RBCs are independent of
plasma pharmacokinetics and either the lometrexol or folic acid
dose.

Although no relationship between plasma pharmacokinet-
ics and toxicity could be identified, a significant linear relation-
ship existed between the accumulation of lometrexol in RBCs
and the percentage fall in hemoglobin, hematocrit, and platelet
count. Fig. 4 shows the relationshin hetween the measured RRC
lometrexol level and the percentage fall in hemoglobin (Fig.
4A), hematocrit (Fig. 4B), and platelet count (Fig. 4C). The
correlation coefficients between the change in RBC lometrexol
and the fall in these hematological parameters were —0.68 (P <
0.001), —0.66 (P < 0.001), and —0.33 (P = 0.002), respec-
tively. No ciear trends or differences in these reiationships couid
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Fig. 4 Relationship between RBC lometrexol and percentage decrease
in hemoglobin (4), h rit (B), and platelets (C). Different symbols
represent different lometrexol dosages. Percentage decrease was calcu-
jated by subtracting the measured vaiue on the given day from the

pretreatment hageline measurement then dnmima hv the haseline value

and multiplying by 100.

be identified when the different lometrexol dosage levels were
compared.

Plasma and RBC Bioactive Folates. Bioactive folates
in plasma and RBCs were determined in a subset of six patients
over the same time period as that for lometrexol. Although the
data confirm that significantly higher plasma folate levels were
achieved with the higher folic acid pretreatment dose (data not
siiown), anaiysis of weekiy biood sampies faied 0 show accu-
mulation of folates in the RBCs. Fig. 5 demonstrates the failure
of RBCs to accumulate bioactive folates in patients receiving
either 5 mg or 25 mg/m? i.v. folic acid prior to lometrexol.

DISCUSSION

Initial Phase I studies of lometrexol demonstrated that
drug-induced toxicity was related to the cumulative dose rather
than the result of a single dose. These toxicities were severe and
long-lasting, usually occurring following the second or third
course of therapy (6, 7). Laboratory investigations performed
after the initiai Phase i studies found that iometrexoi-induced
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