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Abstract Purpose: Lometrexol [(6R)-5,10-dideaza-
5,6,7,8-tetrahydrofolate] is the prototype folate antime-
tabolite that targets the de novo purine synthesis
pathway. Early phase I trials were confounded by
cumulative myelosuppression that prevented repetitive
administration. Subsequent preclinical and clinical
studies suggested that coadministration of folic acid
might favorably modulate lometrexol toxicity without
eliminating potential antitumor activity. We set out to
determine if concurrent folic acid would allow admin-
istration of lometrexol on a weekly schedule, and, if so,
to identify an appropriate dose combination for phase II
trials. Pharmacokinetic and metabolism studies were
undertaken in an attempt to improve our understanding
of lometrexol pharmacodynamics. Methods: Patients
with advanced cancer received daily oral folic acid
beginning 7 days before lometrexol and continuing for
7 days beyond the last lometrexol dose. Lometrexol was
administered by short i.v. infusion weekly for 8 weeks.
Scheduled lometrexol doses were omitted for toxicity of
more than grade 2 present on the day of treatment, and
dose-limiting toxicity was prospectively de®ned in terms
of frequency of dose omission as well as the occurrence
of severe toxic events. Plasma and whole blood total

lometrexol contents (lometrexol plus lometrexol
polyglutamates) were measured in samples taken just
prior to each lometrexol dose. Results: A total of 18
patients were treated at ®ve lometrexol dose levels. The
maximum tolerated dose was identi®ed by frequent dose
omission due to thrombocytopenia and mucositis. The
recommended phase II dose combination is lometrexol
10.4 mg/m2 per week i.v. with folic acid 3 mg/m2 per day
orally. One patient with melanoma experienced a partial
response, and three patients, two with melanoma and
one with renal cell carcinoma, experienced stable dis-
ease. Lometrexol was not detectable in any predose
plasma sample tested. The total red blood cell content of
lometrexol increased over several weeks and then
appeared to plateau. Conclusions: Weekly administra-
tion of lometrexol is feasible and well-tolerated when
coadministered with daily oral folic acid. The nature of
the interaction between natural folates and lometrexol
that renders this schedule feasible remains unclear.
A de®nition of dose-limiting toxicity that incorporated
attention to dose omissions allowed e�cient identi®ca-
tion of a recommended phase II dose that re¯ects the
maximum feasible dose intensity for a weekly schedule.
Lometrexol is a promising, anticancer agent.
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Introduction

Lometrexol [(6R)-5,10-dideaza-5,6,7,8-tetrahydrofolate]
is a folate analog candidate anticancer agent of consid-
erable interest for three reasons: it is the prototype
selective inhibitor of glycinamide ribonucleotide form-
yltransferase (GARFT), a folate-dependent enzyme of
the de novo purine synthesis pathway [4]; it exhibits a
broad range of antitumor activity in murine and human
tumor xenograft models [18, 23]; and it has shown
sporadic activity against a variety of human cancers in
phase I trials [11, 16, 17, 25].
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Yet, despite initiation of phase I trials in 1988,
lometrexol has yet to enter phase II, largely due to the
characteristics of toxicities seen in phase I. In early phase
I trials toxicities typically increased in severity and
duration with continuing treatment so that administra-
tion of more than two or three courses on schedule was
impossible [14, 16]. These cumulative toxicities, typically
myelosuppression and mucositis, occurred at doses that
were unexpectedly low in comparison with murine
toxicity studies. As standard laboratory mouse chow
contains high levels of folic acid, it was suspected that
cumulative toxicity in humans at unexpectedly low doses
was related in some manner to di�erences in folate status
between the human subjects and the murine models.
Further murine experimentation demonstrated that
coadministration of folic acid with lometrexol amelio-
rates toxicity without necessarily ablating antitumor
activity [7]. These observations led to a series of phase I
trials of lometrexol administered with folic acid or
leucovorin [11, 16, 17, 25]. Nevertheless, a suitable
schedule and dose for phase II evaluation has remained
elusive.

In order to address this problem, we initiated a phase
I trial of lometrexol administered weekly as an intrave-
nous (i.v.) bolus with continuous daily oral folic acid
supplementation. We considered it likely that the dose-
limiting phenomenon might be inability to adhere to a
weekly administration schedule due to mild toxicity,
su�cient to require dose omission, rather than severe
toxic events. Accordingly, the study was designed to
identify, if possible, a dose combination that could be
administered over a prolonged period of time without
dose-limiting cumulative toxicity and incorporated a
prospectively de®ned criterion for dose omission as a
dose-limiting phenomenon.

Materials and methods

Materials

Lometrexol was provided by the Cancer Therapy Evaluation
Program of the National Cancer Institute. A large single lot of folic
acid 1-mg tablets was purchased yearly from commercial sources
during each year of the study.

Patients

Patient eligibility criteria speci®ed: adults with histologically or
cytologically con®rmed solid tumor malignancy or lymphoma for
which there was no reasonable prospect of bene®t from any con-
ventional therapy if administered at the time of enrollment; a
Zubrod performance status of less than or equal to 2; a life ex-
pectancy of more than 16 weeks; at least 4 weeks from prior che-
motherapy and radiation therapy; no planned concurrent
chemotherapy, anticancer hormonal therapy, or radiation therapy;
and acceptable bone marrow (leukocytes 3.7±15.0 ´ 103/ll, plate-
lets 130±500 ´ 103/ll, hemoglobin >10.0 g/dl), renal (creatinine
<1.5 dl), and liver (AST normal or, in the case of metastatic dis-
ease, <2.5 times the upper limit of normal, prothrombin time
normal, total bilirubin <1.5 mg/dl) status. Pregnant or nursing
women and patients with a continuing requirement for allopurinol
treatment, myocardial infarction within the past 12 months or

unstable cardiac disease, gastrointestinal disease with signi®cant
malabsorption, or other serious complicating medical conditions
were not eligible. Patients gave informed consent and agreed to
practice a medically acceptable form of contraception.

Study design and patient treatment

Patients received folic acid orally daily beginning 7 days before the
®rst scheduled dose of lometrexol and continuing for 7 days
beyond the last administered dose of lometrexol. Lometrexol was
administered by short (<2 min) i.v. infusion weekly.

Weekly patient evaluations included an interval history, physical
examination, complete blood cell count, reticulocyte count, chem-
istry panel (creatinine, conjugated and unconjugated bilirubin, and
AST), prothrombin time, and urinalysis. The ®rst required tumor
evaluation followed the eighth dose of lometrexol. Patients experi-
encing a response or stable disease were eligible for continuation
therapy. Toxicities observed during continuation therapy were not
considered in the evaluation of dose-limiting toxicity. All adverse
events were identi®ed, and adverse events considered to be possibly,
probably, or de®nitely related to lometrexol were scored according
to the NCI Common Toxicity Criteria. Weekly doses were omitted
for platelets <100 ´ 103/ll or any toxicity more than grade 2 (ex-
cept hemoglobin, local alopecia, and weight loss). Dose-limiting
toxicity was de®ned as any grade 3 or greater nonhematological
toxicity (except infection, local, and weight loss), grade 3 or greater
thrombocytopenia, grade 4 leukopenia, omission of more than three
of the ®rst nine scheduled doses due to toxicity (ability to administer
dose 9 was evaluated even if it had been determined that treatment
would be discontinued due to tumor progression), and transfusion
of more than two units of packed red blood cells in excess of doc-
umented cumulative phlebotomy subsequent to initiation of folic
acid. Patients were enrolled in cohorts of not less than three and not
more than ®ve. A dose combination associated with dose-limiting
toxicity in three patients was de®ned as excessively toxic.

Starting doses were folic acid 3 mg/m2 and lometrexol 5 mg/m2.
The dose escalation scheme called for escalation of the lometrexol
dose in successive patient cohorts through four or ®ve dose esca-
lations (initially 60% increments; upon observation of toxicity
more than grade 1, 30% increments). Up to a total of eight patients
were to be treated at the recommended phase II dose. Appropriate
supportive care was to be provided, including red blood cell
transfusion for symptomatic anemia or hemoglobin <8 g/dl, but
hematopoietic growth factors were not to be used during the ®rst
8 weeks of lometrexol therapy. The study was conducted according
to appropriate approvals obtained from the human subjects
research committees of the participating institutions. During the
course of the study, an independent audit of selected patient
records was performed by the Massey Cancer Center.

Pharmacokinetic and pharmacodynamic studies

Blood samples were drawn weekly just prior to lometrexol dosing
and prior to ingestion of that day's folic acid. Samples were
collected in standard EDTA Vacutainer tubes. Within 30 min, a
0.5-ml aliquot was diluted into a freshly prepared ascorbic acid
solution (5 mg in 4.5 ml sterile water), and the resulting suspension
was incubated at 37 °C for 30 min and then stored at )20 °C. The
plasma fraction of the remaining sample was isolated by centrifu-
gation, and 1.0-ml aliquots were placed in vials containing ascorbic
acid 1 mg, and stored at )20 °C. Processed samples were shipped
on dry ice to the City of Hope National Medical Center for anal-
ysis. Selected samples were analyzed for lometrexol with a high-
performance liquid chromatography assay with electrochemical
detection as previously described [20]. As incubation of lometrexol
polyglutamates in the presence of endogenous serum conjugase
reduces the drug to its monoglutamate form, the assay detects total
lometrexol content (parent drug and polyglutamate forms).
Di�erences between plasma and whole blood lometrexol levels were
presumed to represent red blood cell lometrexol. The lower limit of
detection was approximately 5 ng/ml (10 nM).
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Results

From 22 February 1995 through 16 December 1996, 18
patients were treated (Table 1)1. Patient characteristics,
primary tumor sites, and prior therapies were typical for
subjects enrolled in phase I trials (Tables 1 and 2).

All patients received folic acid 3 mg/m2 beginning
7 days prior to the ®rst lometrexol dose and ending
7 days following the last lometrexol dose (Table 3). The
®rst 16 patients were treated at four lometrexol dose
levels ranging from 5 to 13.5 mg/m2 (Tables 3 and 4). At
level 2, one patient experienced dose-limiting anemia
and one patient experienced dose-limiting dose omis-
sions due to stomatitis, but in three other patients
treatment was well tolerated, and dose escalation was
resumed. At level 3, no patients experienced dose-limit-
ing toxicity. At level 4, three of four patients experienced
dose-limiting toxicity, apparent as frequent dose omis-
sions due to stomatitis (one patient) or thrombocyto-
penia (two patients, one of whom had grade 3
thrombocytopenia).

Two patients were enrolled at a ®fth ``intermediate''
lometrexol dose level de®ned as treatment initiation at
13.5 mg/m2 with the contingency to reduce the dose to
10.4 mg/m2 following the ®rst dose omission. One pa-
tient received nine of nine scheduled doses, but a second
received only three of ®ve scheduled doses prior to ob-
servation of progression of disease. As neither of these
patients actually received a dose at 10.4 mg/m2, levels 4
and 5 were combined for the calculation of dose inten-
sity (Table 4).

Although the prescribed lometrexol dose increased
30% from level 3 (10.4 mg/m2) to level 4 + 5
(13.5 mg/m2), dose intensity increased only slightly from
9.2 to 9.4 mg/m2 per week due to a marked increase in
dose omissions that were almost exclusively due to grade
2 toxicities. One patient treated at these doses required
dose omission every third week, but patterns of dose
omission in other patients were quite varied (Fig. 1).

Platelet counts and reticulocyte percentages tended to
fall gradually over the course of several weeks following
initiation of lometrexol, but usually rebounded rapidly
following omission of one or two lometrexol doses
(Fig. 2). Other toxicities (grade 2 or less) observed dur-
ing the ®rst 9 weeks of treatment included fatigue, di-
arrhea, elevated AST, nausea, vomiting, leukopenia/
neutropenia, and constipation. A high frequency of
stable or responding disease permitted observation of a
number of patients on treatment beyond an initial
9 weeks, and, in general, therapy continued to be well
tolerated. Two patients received more than 4 months of
treatment. Both of these patients developed anemia re-
quiring transfusion. One showed a response to erythro-
poietin while continuing lometrexol until progression of
disease.

It had been hypothesized that cumulative lometrexol
toxicity was due to a prolonged terminal elimination
phase and increasing lometrexol plasma levels with re-
petitive dosing [22]. In order to address this hypothesis,
we obtained plasma samples for pharmacokinetic anal-
ysis immediately before each lometrexol dose. Lo-
metrexol was not detected in any sample tested (data not
shown).

It also had been hypothesized that cumulative toxic-
ity was due to accumulation of lometrexol and
lometrexol polyglutamates in target tissues or in non-
target tissues with subsequent redistribution to target
tissues (the latter phenomenon might account for a de-
layed terminal elimination phase and cumulative phar-
macokinetics) [15]. As mature red blood cells lack
folylpolyglutamate synthetase [3] and therefore do not
actively accumulate folate polyglutamates, we studied
red blood cell total lometrexol content as a surrogate for
bone marrow stem cell lometrexol content. Red blood
cell total lometrexol content gradually increased during
the ®rst 8 weeks of treatment and then appeared to
plateau (Fig. 2).

Table 1 Patient characteristics

Gender (number of patients)
Men 14
Women 4

Age (years)
Median 54
Range 29±70

Race/ethnicity (number of patients)
European-American 10
African-American 5
Asian-American 2
Hispanic 1

Performance status (number of patients)
0 6
1 11
2 1

Table 2 Tumor types and prior therapy

No. of patients

Primary site
Colon 4
Melanoma 3
Stomach 3
Sarcoma 2
Lung 2
Adrenal gland 1
Kidney 1
Pancreas 1
Rectum 1

Prior therapy
Surgery + chemo 7
Surgery + chemo + radio 7
Chemo + surgery + immuno 2
Chemo + immuno + surgery + radio 1
Chemo + radio 1

1One patient was enrolled but not treated due to problems with
venous access
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One patient experienced a partial response (Table 5).
This patient had melanoma of the nasal mucosa with
persistent local and regional involvement despite prior
surgery, radiation, cryotherapy, and chemohormonal
therapy. At the time of enrollment he had a small, pal-
pable tumor nodule of the neck and evaluable-only
disease of the nasal cavity and sinuses associated with
chronic scarring and acute and chronic in¯ammation.
Under treatment the nasal and sinus disease was stable
and the neck nodule resolved completely. The progres-
sion-free interval was 5.5 months, following which a new
neck nodule developed. Three other patients, one with
mucosal melanoma, one with cutaneous melanoma, and

one with renal cell carcinoma, experienced stable disease
and received continuation therapy. The remaining 13
patients experienced progression of disease within the
®rst 9 weeks.

Discussion

Our recommended phase II dose combination is lo-
metrexol 10.4 mg/m2 with folic acid 3 mg/m2 per day.
With this schedule and dose combination, toxicities
rarely were severe (grade 3 or greater) and routinely
resolved rapidly upon interruption of dosing. This con-
trasts with the experience of Ray et al., who showed that
lometrexol 3±6 mg/m2 weekly for 3 weeks every 5 weeks
without concurrent folic acid supplementation was as-
sociated with severe, cumulative toxicity [16]. We con-
clude that daily oral folic acid modulates the toxicities of
lometrexol administered weekly in a manner that ren-
ders frequent administration of a maximum tolerated
lometrexol dose feasible and safe.

There are two other complete reports of phase I
studies that convey recommended schedules and doses
for phase II evaluation. Laohavinij et al. conducted a
phase I trial in which lometrexol was administered as an
i.v. bolus every 4 weeks (subsequently, every 3 weeks)
with folic acid 5 mg administered orally daily for 1 week
preceding and following each dose [11]. The recom-
mended phase II dose was lometrexol 170 mg/m2.

Table 4 Adherence to schedule
(see Methods for de®nitions)

Dose
level

Lometrexol
(mg/m2)

Patients Doses delivered Lometrexol dose
intensity

9/9 8/9 7/9 6/9b £ 5/9b (mg/m2/week)a

1 5 3 3 0 0 0 0 5.0
2 8 5c 1 1 1 1 0 6.7
3 10.4 4 1 2 1 0 0 9.2
4 + 5 13.5 6d 1 0 1 1 1 9.4

a Patients with progression of disease prior to 9th week included in calculation of lometrexol dose
intensity but not in tabular summary of doses delivered
bDose-limiting toxicity by de®nition
cOne patient with progression of disease prior to the scheduled ninth dose
dTwo patients with progression of disease prior to the scheduled ninth dose; one of these had missed
four of eight doses prior to identi®cation of progression of disease and therefore quali®ed as dose-
limiting dose omission

Table 3 Dose escalation and
dose-limiting events

Dose
level

Lometrexol
(mg/m2)

Folic acid
(mg/m2)

Patients
treated

Patients with

Dose-limiting
dose omissions

Grade ³3
toxicity

Dose-limiting
toxicity (total)

1 5 3 3 0 0 0
2 8 3 5 1 1 2a

3 10.4 3 4 0 0 0
4 13.5 3 4 3 1 4b

5 13.5/10.4 3 2 0 0 0

aOne patient with dose-limiting dose omissions due to stomatitis; one patient with anemia requiring
transfusion (grade 3)
b Three patients with dose-limiting dose omissions due to stomatitis (one) and thrombocytopenia
(two); one patient with grade 3 thrombocytopenia

Fig. 1 Patterns of dose omission with lometrexol 13.5/folic acid
3 mg/m2 per week for up to 9 weeks of observation. Patients were
evaluated for treatment weekly. An L indicates lometrexol dosing
or absence of toxicity that would mandate dose omission. An empty
square indicates dose omission for toxicity. Fewer than nine
squares are shown when cessation of treatment due to progression
of disease or other circumstances prevented further assessment
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Comparison with our study indicates that an every-
3-weeks schedule allows for administration of almost
sixfold more lometrexol per unit time than a weekly
schedule. Sessa et al. reported a complex, multiphasic
phase I study involving lometrexol without and with
delayed leucovorin administration [17]. The recom-
mended phase II schedule and dose combination was

lometrexol 60 mg/m2 every 4 weeks with leucovorin
15 mg orally four times daily days 5±7. Anemia was the
dose-limiting toxicity, and one partial response was
observed. This schedule is somewhat more dose intense
than that proposed by us.

We believe that the schedule and dose combination
we have identi®ed represent the most promising for
phase II evaluation. First, there are several reasons to
prefer lometrexol administration weekly to every 3 or
4 weeks: (1) previous clinical experience with antime-
tabolites as a class in general indicates greater activity
with more frequent administration, (2) preclinical stud-
ies have suggested that non-lethally injured cells recover
from lometrexol exposure after about 6 days [19], and
(3) preclinical tumor model studies have suggested
greater lometrexol anticancer activity with more fre-
quent administration [12]. Second, in the case of the
study of Laohavinij et al., and as those authors com-
ment, although the dose combination they identi®ed
showed some therapeutic activity, it may not represent

Table 5 Disease responses

Other Melanoma Sarcomaa Kidney

Progression of disease 12 0 1 0
Stable disease 0 2 0 1
Partial response 0 1 0 0

aOne patient not evaluable

Fig. 2 Lometrexol dosing, platelet counts, reticulocyte percen-
tages, and red blood cell (RBC) total lometrexol content in three
patients treated at level 3, lometrexol 10.4 mg/m2 per week
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the best lometrexol dose for this schedule and folic acid
dose, as the trial was ended before dose-limiting toxicity
had been identi®ed [11].

As our study was initiated, more complete studies of
the e�ects of folate supplementation upon lometrexol
toxicity and antitumor activity in mice have been re-
ported [2]. These have demonstrated a 1000-fold di�er-
ence in toxic lometrexol dose levels at low and high
levels of folic acid intake. Further, they have shown that
(1) at low levels of folic acid intake, lometrexol has an
extremely narrow therapeutic window that permits only
minimal therapeutic e�ects, (2) at high levels of folic acid
intake, lometrexol is non-toxic and non-therapeutic,
(3) at intermediate levels of folic acid intake, lometrexol
has a therapeutic window that spans an approximately
tenfold dose range, and (4) within that intermediate folic
acid dose range, lometrexol antitumor activity increases
with increasing lometrexol dose until limited by toxicity.
A reasonable inference is that, within the intermediate
folic acid dose range, there is an array of therapeutic
folic acid/(maximum tolerated) lometrexol dose combi-
nations. Clinical data available to date do not con¯ict
with any of these ®ndings. The preclinical data do not
address a further subtlety of potential clinical relevance.
The presumed array of folic acid/(maximum tolerated)
lometrexol dose combinations might be equivalent
therapeutically, or, as suggested by the absence of
therapeutic activity at very high levels of folic acid
intake, within this array there may be a best (most
therapeutic) combination. If the latter is the case, the
best clinical combination could be identi®ed only in
disease activity (phase II) studies.

A preliminary study by Cole et al. [6] perhaps
identi®es the lower limit for e�ective folic acid supple-
mentation. In this study of lometrexol weekly ´3 with
daily oral folic acid beginning 1 day before, three dose
combinations of lometrexol and folic acid, respectively,
were studied: 4 mg/m2 and 1 mg; 5 mg/m2 and 1 mg;
and 5 mg/m2 and 2 mg. Whereas signi®cant toxicity was
observed with the ®rst two dose combinations, only
minimal toxicity was seen with the third. This suggests
that the lower threshold for e�ective folic acid supple-
mentation is in the dose range of 1±2 mg/day (total
dose). These doses may be compared with the recom-
mended daily intake of 400 lg for persons without
unusual demands and estimates of total body stores of
5±20 mg. In order to precisely control folic acid sup-
plementation, we identi®ed all medications, prescription
and otherwise, that patients were taking and eliminated
all but dietary folate and folic acid as prescribed by
protocol. The non-dietary intakes observed generally
were less than 1 mg/day.

Other approaches to folate supplementation can be
ine�ective for modulation of lometrexol toxicity.
Muggia et al., for example, conducted a phase I trial to
test whether administration of folic acid i.v. immediately
before lometrexol might improve tolerance and prevent
cumulative toxicity [13]. Lometrexol 15 to 30 mg/m2

every 3 weeks was administered with folic acid 5 mg i.v.

1 h before lometrexol, or folic acid 25 mg/m2 3 h before
lometrexol. Neither folic acid regimen prevented cumu-
lative lometrexol toxicity.

It has been hypothesized that cumulative lometrexol
toxicity is due to accumulation of lometrexol poly-
glutamates in stem cells. The gradual increase in red
blood cell total lometrexol observed in our study is
consistent with this hypothesis. The correlation between
change in red blood cell lometrexol content and changes
in reticulocyte percentage and platelets was poor
(Fig. 2), but this is perhaps to be expected as polyglu-
tamate formation presumably occurs in bone marrow
progenitors, while polyglutamates persist within the red
blood cell for the duration of its life. Thus, red blood cell
lometrexol content presumably represents an average of
bone marrow progenitor lometrexol contents over the
time interval of release of the circulating red blood cell
pool. Similar accumulation of methotrexate in red blood
cells has been reported [8±10]. Further, there may be
signi®cant di�erences among erythroid, granulocyte-
macrophage, and megakaryocyte stem cells in
lometrexol accumulation, its cytotoxic e�ects, and their
modulation by folic acid. Red blood cell total lometrexol
content has been measured within the context of a
phase I trial of lometrexol and a folic acid regimen that
was not e�ective in modulating lometrexol cumulative
toxicity [7]. Dose-limiting anemia was frequent in this
study and infrequent in our study, yet the quantity and
kinetics of red blood cell lometrexol accumulation were
quite similar [21]. This suggests that folic acid protection
of erythroid stem cells is mediated through a mechanism
other than alteration of lometrexol accumulation.

It also has been hypothesized that cumulative toxicity
is due to accumulation of lometrexol polyglutamates in
non-target tissues such as the liver with delayed release
and redistribution to target tissues such as bone marrow
and gut. This suggestion is an extrapolation from pre-
clinical studies in which mice fed a standard laboratory
(high folate) diet demonstrated no signi®cant accumu-
lation of radiolabelled lometrexol in liver, whereas mice
fed a folate-de®cient diet demonstrated marked accu-
mulation of lometrexol in liver [15]. There are no clinical
observations that directly address this hypothesis. From
this hypothesis, however, one might suggest that clini-
cally signi®cant toxicity would become apparent as
redistribution of lometrexol or metabolites became
apparent as a prolonged terminal elimination phase.
This suggestion is reasonable as current lometrexol
detection methodologies allow detection of total
lometrexol in the 10±40 nM range, which overlaps with
the concentration range for median cytotoxic e�ects
against tumor cell lines in tissue culture [5, 20]. Never-
theless, we did not observe measurable plasma total
lometrexol levels in samples obtained immediately prior
to lometrexol dosing following several weeks of
lometrexol at maximum tolerated doses or, in individual
patients, at times of lometrexol toxicity.

It also does not appear that the e�ectiveness of folic
acid in modulating lometrexol toxicity is due to a change
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in the early phases of lometrexol pharmacokinetics.
Wedge et al. saw no di�erence in lometrexol pharma-
cokinetics in patients receiving 45 mg/m2 every 4 weeks
with or without e�ective folic acid supplementation [24].
Thus, the cumulative nature of lometrexol toxicity in
humans and its modulation by folic acid remains in-
completely understood.

We anticipated that dose omissions due to mild
toxicities might be frequent and might e�ectively limit
drug administration, and we incorporated into our trial
design an empiric, prospective de®nition of dose-limiting
toxicity in terms of dose omission. This appears to have
been successful, as an increase in dose prescribed from
level 3 to level 4+5 yielded no substantial increase in
dose intensity. Although not without precedent (see, for
example, reference 1), it is our impression that this
approach is unusual. We suspect that broader use of this
approach might clarify endpoints and result in exposure
of fewer phase I subjects to severe toxicities at unreal-
istically high dose levels (levels at which dose omission
already is dose-limiting). It is conceivable, further, that
assessment of dose intensity might be used to justify
more rapid dose escalation in the early phases of similar
phase I trials.

We observed a bona ®de partial response in a patient
with melanoma, and a number of other patients experi-
enced stable disease for at least 2 months. This experi-
ence is consistent with prior phase I studies in which
sporadic antitumor activity was perhaps the norm with
responses observed in breast, head and neck, non-small-
cell lung, and ovarian cancers, and soft tissue sarcoma, as
well as minimal responses in colon cancer. As has been
commented upon by others, activity in phase I has been a
hallmark of agents destined to demonstrate meaningful
clinical activity in subsequent studies. By this criterion,
lometrexol is a promising agent indeed. The results of
this study may also be relevant to the clinical develop-
ment of second and third generation selective GARFT
inhibitors that recently have entered clinical trials. It
seems quite likely that a new class of antitumor agents
will emerge from among these candidates.
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