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ABSTRACT

10-Ethyl-10-deazaaminopterin (10-EDAM) is an analogue of metho-
trexate with improved preclinical anticancer activity, more selective entry,
and greater conversion to polyglutamate forms in neoplastic cells. In this
Phase I trial, we have treated 62 adults with advanced solid tumors,
giving 10-EDAM i.v. on either a weekly x 3 schedule (35 patients) or a
weekly schedule (27 patients). The dosage levels ranged from 5 to 120
mg/m2. The toxicity observed with 10-EDAM was qualitatively similar
to that of methotrexate. Oral mucositis was the dose-limiting toxicity;
diarrhea, skin rash, leukopenia, thrombocytopenia, and mild elevations
of serum glutamic-oxaloacetic transaminase, prothrombin, and partial
thromboplastin times were also observed, but were not dose limiting. A
weekly dosage of 80 mg/m2 with escalation or attenuation in accordance
with patient tolerance, or 100 mg/m2 weekly for 3 weeks, followed by a
2-week "rest period11are recommended for Phase II assessment. 10-
EDAM produced partial remissions in three patients with non-small cell
lung cancer and one patient with breast cancer lasting 6, 40+, 26+, and
15 months, respectively. Pharmacokinetic studies carried out at the 5,
30, and 100 mg/m2 dosage levels demonstrated the drug to have a

triphasic disappearance from plasma. Elimination was independent of
dose over the range tested, with mean plasma half-lives of: a = 12.9 min,
ÃŸ= 1.5 h, and y = 11-9 h. Cumulative urinary excretion of the drug
ranged from 13 to 55% of the administered dose (mean = 33%); 88% of
the urinary drug appeared within the first 4 h following drug administra
tion. The pharmacokinetic behavior of the first and second weekly
dosages were consistent within a given patient. The metabolites 7-
hydroxy-10-EDAM, and 10-ethyl-10-deaza-2,4-diamino-pteroic acid
were demonstrated in the plasma and urine of treated patients. In studies
of tissue homogenates from two patients with skin mÃ©tastases,more
extensive retention of the drug and of its polyglutamates was observed in
the breast cancer mÃ©tastasesthan in the mÃ©tastasesfrom a kidney cancer
or in normal skin.

INTRODUCTION

10-EDAM6 (Fig. 1) is a new antifolate ani imetabolite that is

structurally related to MTX, but is therapeutically superior to
the latter drug against a number of transplanted murine tumors
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and human xenografts (1, 2). The increased therapeutic effec
tiveness of 10-EDAM is associated with its greater accumula
tion and retention in sensitive tumor cells, and greater exclusion
from other proliferating tissues, than is observed with MTX
(3). 10-EDAM is also therapeutically superior in the murine
tumor models to 10-deazaaminopterin, the initial analogue in
this series; this also correlates with higher concentrations of
polyglutamates of 10-EDAM than 10-deazaaminopterin in tu
mor cells (3). Furthermore, 10-EDAM has demonstrable su
periority to MTX when used in combination with the alkylating
agents cyclophosphamide and melphalan, and with cisplatin,
against the transplanted murine mammary tumor 0771 and the
T241 fibrosarcoma (4). IO-EDAM was comparably active in
the murine systems on a variety of schedules, including daily,
alternate day, and every 4-day administration (1-4).

Preclinical toxicology and pharmacology studies of 10-
EDAM in mice, rats, and dogs demonstrated intestinal injury
to be the dose-limiting toxic effect (5). Qualitatively, the histo
lÃ³gica!pattern of drug-induced injury in rats and dogs resem
bled that produced by MTX. Although mild damage to the
bone marrow was observed at very high doses in rats, no
significant toxic effect was noted on the hepatic, renal, cardiac,
or pulmonary systems.

The 10-deazaaminopterin series of compounds is strongly
fluorescent. This has permitted the development of a sensitive
high-performance liquid chromatography assay for 10-EDAM,
as well as for its 7-OH and 10-ethyl-10-deaza-2,4-diamino-
pteroic acid catabolites, and the 10-EDAM anabolites contain
ing from one to four additional glutamate residues ((.In 1 to
Glu-4) (6). This assay was used in the study of the drug's
metabolism in rats and dogs (5). In both species 10-EDAM
disappeared from plasma in a triphasic manner. In rats there
was extensive excretion of 10-EDAM into the bile; over 50%
of the drug exited the body in the fecal contents, much as the
deglutamate forms of 10-EDAM and 7-OH-10-EDAM. Signif
icant formation of polyglutamates occurred only in the liver,
kidney and intestine. Their polyglutamate content correlated
directly with the concentration of the parent compound in the
tissue; the polyglutamates cleared rapidly as the plasma and
tissue concentrations of the parent drug fell.

Because of its activity in antitumor model systems, 10-
EDAM has been advanced to clinical trial. In the absence of
any pronounced schedule dependency in model systems, a
weekly schedule was selected for this drug's initial Phase I and

clinical pharmacologie evaluation in solid tumor patients.
Weekly administration is an active, convenient, and widely used
schedule for this class of compounds. This communication
contains the results of that study.

MATERIALS AND METHODS

Patient Selection and Characteristics. Sixty-two adults with histolog-
ically documented advanced solid tumors for whom no treatments with
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PHASE l AND CLINICAL STUDY OF 10-EDAM

a greater likelihood of benefit were available were entered into this
study. The eligibility requirements included the following conditions:
no radiation therapy or chemotherapy for at least 21 days prior to
receiving 10-EDAM (42 days after receiving a nitrosourea or mitomy-
cin); a stable heart rhythm, without clinical congestive heart failure or
angina within the prior 30 days; leucocyte counts > 4000/mm3, platelet
counts a 150,000/mm3, serum creatinine < 1.8 mg/dl and/or creatinine
clearance > 50 ml/min/1.7 m2 body surface area, and serum bilimbi n

< l .5 mg/dl. Written, informed consent was obtained from all patients
and this study was reviewed by the Institutional Review Board of
Memorial Sloan-Kettering Cancer Center. This study was carried out
under an FDA-approved IND, held at the time of the study by the
Memorial Sloan-Kettering Cancer Center, and subsequently transferred
to Ciba-Geigy Corporation of Summit, New Jersey.

10-EDAM was supplied by Ciba-Geigy, Basel, Switzerland. In the
initial phases of the study it was provided as the free acid as a dry
powder. The drug was suspended in sterile normal saline DSP and
brought into solution by adjustment of the pH to 7 with 0. l N NaOH.
This solution was immediately sterilized by filtration through a 0.2-/<m
Nalgene filter and used within 8 h. In the latter phases of the trial,
formulated lyophilized drug in sterile vials was used; the drug was
brought into solution by addition of sterile normal saline USP.

10-EDAM was injected through the side arm of a freely running i.v.
line on one of two schedules: Once weekly for three consecutive weeks,
followed by a 2-week "rest period," with repeat courses initiated on

Day 36, (Days 1,8, 15, 36, 43, 50, etc.); or weekly as tolerated, with
assessments carried out after 5-week treatment blocks. The weekly x 3
schedule was developed first, with dosage levels of 5, 10, 20, 30, 40,
55,70,85,100, and 120 mg/m2/dose. Evaluation of the weekly schedule
was carried out at 80 and 100 mg/m2 dosage levels. At least three

patients were entered at each dosage level; additional patients were
added at levels where toxicity was observed. Patients who experienced
0 or 1+ drug-related toxicity were eligible to reenter the study at a
higher dosage level on the 3-weekly dose schedule; however, no dosage
level was completed solely with patients who had already received 10-
EDAM.

On the weekly schedule, initial response assessment was performed
after 5 weeks; subsequent courses of 10-EDAM were initiated in the
6th week after the start of therapy (Day 36), if therapeutic effects were
evident and toxicity permitted. There were no planned rest periods
between courses. Patients who demonstrated Grade 0 toxicity after two
doses were required to have a dose escalation of 10 mg/m2 every 2

weeks until some toxic effect was observed. Patients who developed
Grade 1 toxicity received one-half the previous dose until the toxicity
resolved. Weekly doses of 10-EDAM were withheld in those individuals

10-ETHYL-10-DEAZA-AMINOPTERIN (10-EDAM)

NH

who had Grade 2, 3, or 4 toxicity until the toxicity resolved. Such
patients were restarted at doses 20 mg/m2 below the dose producing

toxicity. Patients who demonstrated a major objective response (com
plete remission, partial remission, improvement), or no change, contin
ued on the drug until there was evidence of disease progression or
unacceptable toxicity. Standard criteria for response and toxicity were
used (7).

Before therapy, all patients had a complete history and physical
examination and a laboratory evaluation including a complete blood
count including a platelet count (complete blood count), prothrombin
time and partial thromboplastin time, serum creatinine, 12-channel
biochemical profile, electrolytes, glucose, 5'-nucleotidase, chest X-ray,

and electrocardiogram. An interval history and physical examination,
complete blood count, creatinine, biochemical profile, electrolytes, glu
cose, prothrombin time, and partial thromboplastin time were repeated
on Days 8, 15, 22, 29, and 36. The serum 5'-nucleotidase level and

chest X-ray were repeated on Day 36. In patients with measurable or
Ã©valuableindicator lesions, assessments of antitumor response were
made every 36 days.

Pharmacokinetic Studies. Pharmacokinetic studies were carried out
with the first two dosages (Days 1 and 8) on three patients each at the
5 mg/m2 and 30 mg/m2 levels and six individuals at 100 mg/m2.

Thereafter, studies were carried out on selected patients in the weekly
dosage schedule. Heparinized blood samples were obtained pretreat
ment and at 5, 10, 15, 30, 45, 60, 90, 120 min and 3, 4, 6, 8, 12, 24,
30, 48, 72, 96, and 120 h after injection of the drug. Urine was collected
in 4 li aliquots for the first 24 h, then in 12-h aliquots through 120 h.
Blood samples were immediately placed on ice, spun down, and the
plasma stored at â€”70Â°C.Urine volumes were recorded and aliquots
stored at â€”70"C. Tissue samples were removed by means of 6-mm

dermatologica! punches; parallel samples were sent to pathology and
frozen in liquid nitrogen until analyzed.

Analytic Methodology. 10-EDAM and its metabolites were extracted
from samples of plasma, urine, and from homogenates of tissue by
elution from bonded phase extraction columns (Water Associates,
Milford, MA) as described previously (5). Polyglutamate derivatives of
10-EDAM were also extracted from tissue homogenates using this
method. An internal standard, 10-propyl-deaza-aminopterin was added
to each sample prior to extraction. The recovery of 10-EDAM and the
internal standard was 100 Â±5%. The compounds were measured by
high performance liquid chromatography with fluorescence detection,
as described previously (5, 6). The linear range of the assay is from 1
to 100 DMfor the known standards, with a coefficient of variation of

METHOTREXATE

Pharmacokinetic Calculations. The plasma concentration (C) versus
time (I) data were fit to the equation:

c, = 2 Ã´.f-V
Â¡-i

using NONLIN84 (Statistical Consultants, Inc., Lexington, KY), an
iteratively reweighted, nonlinear least-squares regression program (8).
The method of residuals was used to select the number of exponential
terms which best fit the concentration versus time data (9). The phar-
macokinetic parameters were then calculated as in the currently con
ventional manner, as we have reported previously (5). The AUCo-Â«.for
7-OH-10-EDAM was calculated by using the trapezoidal rule from
time zero to the last measured time point, and then extrapolated to
infinity using the slope of the linear regression line through the terminal
elimination phase.

NH? COOH

C â€” N â€” CH

(CH2)2

COOH
Fig. 1. Structure of 10-ethyl-lO-deazaaminopterin and its parent compound,

methotrexate.

RESULTS

Clinical Trial. Sixty-two patients received 83 treatment
courses of 10-EDAM. Eighty adequate courses were given to
59 patients for an overall adequacy rate of 95%. Two inadequate
courses occurred in patients who did not complete the trial and
died without experiencing any drug-related adverse effects, and
one treated patient who was, on reassessment, ineligible for
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PHASE I AND CLINICAL STUDY OF 10-EDAM

study. The clinical characteristics of all 62 treated patients are
presented in Table 1; they are typical of patients entered into
Phase I trials at this Center.

Table 2 outlines the dosage levels, numbers of adequate
patient courses at each level, and the incidence and severity of
mucositis and hematological toxicity [World Health Organiza
tion grades (7)] observed during 10-EDAM treatment. Stoma
titis was the most common toxic effect; it was noted at all but
two dose levels. This oral mucositis increased both in incidence
and severity with dose and represented the dose-limiting tox
icity for this agent. At doses of 100 mg/m2 or greater given on

the 3-weekly schedule, 86% of 22 patient courses were compli
cated by at least 1+ mucositis. Forty-one % receiving these
dosages experienced 2+ or greater stomatitis. On the weekly
schedule, 73% of patients experienced 2+ or greater stomatitis.
At the 80 mg/m2 level, 29% had 3+ or 4+ mucositis. Forty-
two % of patients at the 100 mg/m2 weekly dose level demon

strated 3+ or greater mucositis. In all but a few cases, oral
mucositis lasted 3-7 days, was self limited, and improved with
only general supportive measures. In the weekly trial it became
evident that patient tolerance to the drug varied more widely
than had been indicated on the weekly x 3 schedule. The

Table 1 Patient characteristics

Median age (range) â€”yearsMen/womenKarnofsky

performancestatus80-100%60-70%50%Primary

site ofcancerNon-small
celllungSmall

celllungBreastHead

andneckBladder/urethraOther*Prior

therapyNoneChemotherapyRadiationChemotherapy

and radiationWeekly

x 3
(n =35)57

(31-73)23/12112312320406213119ScheduleWeekly

(n =27)59

(29-73)16/111485132334224714

* Angiosarcoma (1), melanoma (1), colon (1), unknown primary (3), renal (1),
prostate (1).

population split into three equal-sized groups, one could toler
ate the drug was escalation of the dosage up to 110 mg/m2/

week; the second could tolerate a few doses but then required
reduction and/or interruption. The third group had poor tol
erance for dosages in excess of 50 mg/m2/week. The average

dose administered in the weekly phase of the study was 60 mg/
m2/week. Seventy-three % of patients had doses reduced, 8%

no change in planned dose, and 19% a dosage escalation.
Among the patients who required dosage reduction, doses were
reduced in 31% on Day 8, 58% on Day 15, 65% on Day 22,
and 64% on Day 29.

The median leukocyte nadir at all 12 dose levels was within
the normal range, as was all but one median lowest platelet
count, the sole exception being the 30 mg/m2 level. Overall,

15% of patient courses demonstrated 2+ or greater leukopenia;
30% of courses given on the weekly schedule were complicated
by 2+ or greater leukopenia. Fifteen % of courses in the entire
study were complicated by 2+ or greater thrombocytopenia.
We did not observe significant myelosuppression in the absence
of mucositis of comparable severity.

The frequency and severity of SCOT elevation, fatigue, nau
sea/vomiting and rash, by dosage level are shown in Table 3.
Transient elevations of SCOT were observed at all dosage
levels. They were not associated with jaundice, or a hepatitis-
like illness in any case. Complaints of fatigue or lethargy were
documented in 30% of courses overall and in 42% of courses >
80 mg/m2. Diarrhea was noted by 10 patients, all receiving
doses of 80 mg/m2 or greater. Eighteen % of courses were

complicated by nausea/vomiting which was seen only at doses
>55 mg/m2. Twelve individuals developed a macular rash on

the extremities and trunk. Transient, mild elevations were seen
in the partial thromboplastin time (8 courses), or prothrombin
time (11 courses); these were not dose related. Median eleva
tions and ranges (in parentheses) for partial thromboplastin
time were 3.7 (0.7-16.5) and for prothrombin time 1.5 (0.3-
4.1) s, respectively. Hemorrhage or purpura were not observed.
Mild epistaxis was noted occasionally. Four patients developed
mild alopecia, and three courses were associated with elevations
in serum creatinine.

Four major objective antitumor responses were observed in
the trial; these are described in Table 4. Three partial remis
sions, lasting 6,26+, and 40+ months, were documented among
non-small cell lung cancer patients. One patient had received
no prior chemotherapy, one chemotherapy with mitomycin,

Table 2 Stomatitis and hÃ©matologietoxicity: highest grade recorded for each patient at each dose level

Number of patients exhibitingsymptomsDose

level(mg/m2)Weekly

x 3doses510203040557085100no-no*Weekly

doses80too"

Initial.*
Escalated.Number

ofpatientcourses3333664415341412StomatitisWHOgrade0232225142102211011013070321200004000410643-40000000021â€¢45Leukocytenadir WHOgrade03332444411148610000210022022200000000000123-40001010020032Plateletnadir WHOgrade03221342310240710112212130022200001100110113-40000000010032

5575

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432614/cr0480195573.pdf by guest on 19 M

ay 2023



PHASE l AND CLINICAL STUDY OF IO-EDAM

Table 3 Nonhematological toxicÃty:highest grade recorded for each patient at each level

Number of patients exhibitingsymptomsDose

level(mg/m2)Weekly

x 3doses510203040557085100120"120*Weekly

doses80100Number

ofpatientcourses3333664415241412SCOT,WHOgrade01211132410238911122212021022200002200200413-41000100010000Fatigue/sleepinessNone3232664473396any0101000080158Nausea/vomiting
WHO

grade033336534133410610000011020021200000000000243-40000000000001Rash,
WHOgrade03333664414148910000000000021200000000120313-40000000000031

Â°These patients received 120 mg/m2 as their initial therapy with the drug.
* These patients were escalated to 120 mg/m2 from lower dosage levels.

Table 4 Major objective antitumor responses withIO-ethyl-10-deazaaminopterinPrimaryLung

(non-small cell)
Lung (non-small cell)
Lung (non-small cell)
BreastPrior

treatmentChemotherapy*

Chemotherapy* radiation

None
Chemotherapy*Indicator

lesionChest

wall mass
Mediastinal mass/lung
Supraclavicular lymphadenopathy
Lung mÃ©tastasesIO-EDAM

dose/schedule55
mg/m2 Weekly X 3

100 mg/m2 Weekly X 3
80 mg/m2 Weekly

100 mg/m2 WeeklyResponseÂ°/durationPartial

6 mos.
Partial 40+ mos.
Partial 26+ mos.
Partial 15 mos.

" See Reference 7 for definition.
* No prior treatment with antifolates.

vinblastine and cisplatin, and one surgery, radiotherapy, and
chemotherapy with mitomycin and vinblastine. The fourth ma
jor response, lasting 15 months, occurred in a patient with
breast cancer who had been previously treated with tamoxifen,
cyclophosphamide, Adriamycin, 5-FU, and iproplatin.

Pharmacokinetics and Metabolism of 10-EDAM. Detailed
pharmacological studies were carried out on 12 patients at the
5, 30, and 100 mg/m2 dosage levels. The results of the phar-
macokinetic studies are displayed in Tables 5-7 and in Figs. 2
and 3. The drug was cleared from plasma in a nonlinear fashion.
The log plasma concentration versus time curve was biexponen-
tial at the 5 mg/m2 dosage level, where the drug was not

detectable in plasma beyond 24 h, and triexponential at the 30
and 100 mg/m2 dosages. Over the dose range examined there

was no indication of saturation of the drug clearance mecha
nisms (Table 5); although the AUCo-^= values varied widely
among patients at a given dose level, the mean values were
proportional to dose (r2 = 0.998). The mean plasma half lives
for the 30 and 100 mg/m2 dosages were: a, 12.9 min; ÃŸ,1.5 h;

and 7, 11.9 h. The mean total body clearance was 14.8 liters/
m2/h; mean residence time averaged 3.0 h. The mean volume

of distribution at steady state was 34 liters/m2, slightly in excess
of total body water, usually projected as 25 liter/m2. Eight
patients were studied on two sequential injections of 10-EDAM;
this included 3 at the 5 mg/m2, 2 at 30 mg/m2 and 3 at 100
mg/m2. The results, outlined in Table 6, were usually consistent

within a given patient over this period of time. We observed no
correlation between the rate of total body clearance and either
serum albumin levels or creatinine clearance.

10-EDAM and its 7-OH- and deglutamate metabolites were
excreted in the urine. The 120-h cumulative urinary excretion
of 10-EDAM ranged from 12.5 to 55.3% (mean 33%) of the
administered dose; 88% of the excreted drug appeared in the
urine within the first 4 h following drug administration. The
patient-to-patient variation in urinary excretion had no evident
relation to the patient's creatinine clearance; however, patients

with severe impairment of creatinine clearance were not eligible
for the study. The renal clearance of 10-EDAM ranged from
0.5 to 8.4 Iiter/m2/h (mean, 4.7 Iiter/m2 h). The ratio between

10-EDAM clearance and creatinine clearance ranged from 0.5
to 5.2; the mean ratio was 3.49; this suggests that 10-EDAM,
like MTX, is subject to renal tubular secretion.

Table 5 Pharmacokinetic parameters for 10-EDAM in adults

Patientno.123456789101112Dose(mg/m2)5553030301001001001001001007"Â»

a

(min)5.78.27.810.57.210.019.811.78.09.716.023.6TÂ»
p

(h)2.32.28.11.71.01.91.41.20.81.81.12.2r*
i(h)12.114.213.06.310.83.513.09.024.9AUC(nM'h)1.6149252,7445,2062,0277,1088,07712,53111,16314,3999,03920,183y,(Pim2)4.75.64.39.610.25.918.57.85.37.013.07.7Vdâ€ž

(O/m2)17.823.338.138.465.530.549.924.022.853.530.717.4C/,b
(liter/

m2/h)6.311.03.711.730.18.625.216.218.214.122.510.1Cl,
(liter/

m2/h)3.54.80.55.38.43.06.05.68.42.65.63.2MRT(h)2.82.110.23.32.23.62.01.51.33.81.41.7
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PHASE I AND CLINICAL STUDY OF 10-EDAM

Table 6 Pharmacokinetic parameters for IO-EDAM in adults: comparison of Mo sequential drug administrations

Dose
Patient no.(mg/m2)1

52

53

55

306

307

1008

10011

100Adm.

no.1st2nd1st2nd1st2nd1st2nd1st2nd1st2nd1st2nd1st2ndTV,
a 7

(min)5.74.08.211.27.8

18.17.25.910.010.419.821.811.73.6

(16.06.3*ÃŸ

h)!.31.513i.9<

17.4.0.2.9.3.4.5.2).7.1.0T*y

(h)14.212.213.013.26.317.710.85.39.07.5AUC(nvih)1,6141.1839256872,7442,2112,0272.7977,1086,4448,07711.78512,53112,2709,03912,797V,
(liter/
m2)4.73.25.68.24.33.410.25.35.95.818.512.27.82.913.04.1Vda

(li
ter/ill2)17.814.823.374.638.135.565.532.330.517.849.937.324.018.530.717.1C/lb

(liter/
mVh)6.38.611.014.83.74.630.121.88.69.525.217.316.216.622.515.9MRT(h)2.81.72.15.010.27.72.21.53.61.92.02.21.51.11.41.1

Table 7 Cumulative excretion of 10-EDAM in urine of adults

Cumulative recovery in % of
administered doseatPatientno.123456789101112Dose(mg/m2)5553030301001001001001001004h43.238.710.145.327.031.121.133.643.213.023.325.38h51.741.511.345.627.335.122.834.545.517.924.429.772

h55.344.212.546.228.035.623.534.745.818.724.832.1

i Expansion of tirsi 3 hours

10.000

1.000

LU

0

12 24 36

Hours Post Drug Administration

48

Fig. 2. Clearance of 10-EDAM from the plasma of patients following i.v.
administration, respectively, of 5, 30, and 100 mg/m2 at time 0. The curves are

computer generated from the mean values of the initial injections at each dosage
level [5 and 30 mg/m2 (each) n = 3, 100 mg/m2 n = 6]; the actual data points are

indicated.

â€” 10.000

c
o
o

i 7-Hydroxy-10-EDAM â€¢10-EDAM

1.000

The catabolite 7-OH-10-EDAM, a weak inhibitor of dihydro-
folate reducÃase,was detected in plasma in all patients studied.
It was detectable in samples as early as 30 min following drug
administration and quantitatable from 90 min onward. Within
individual patients the ratios between the AUCo~<* of 10-
EDAM and AUCo_~ of 7-OH-10-EDAM ranged from 0.06 to

5577

40

Time (Hours)

Fig. 3. Log plasma concentration versus time graph of 10-EDAM (â€¢),and 7-
OH-10-EDAM (â€¢)in Patient 10, following injection of 100 mg/m2 of the parent

compound at time 0. The curve is computer generated: the actual data points are
indicated.

0.38; the plasma concentrations versus time of 10-EDAM and
7-OH-10-EDAM in Patient 10 are presented in Fig. 3.

We did not observe significant toxicity in any of the original
12 patients and 20 drug dosages studied. In the weekly phase
of the study we made pharmacokinetic observations on several
patients who had poor tolerance for the drug. The general
features of the pharmacokinetic curves in these patients were
comparable to the group as a whole with lower total body
clearance rates and somewhat longer mean residence times
(data not shown). When all patients who received dosages of
55, 60, 80, or 100 mg/m2, respectively, are analyzed, zero of
eight patients with C/,b > 9 Hter/m2/h had toxicity after the

first dose. In contrast four of four patients with C/lb < 9 liter/
nr/h were toxic after only one dose. No patient with a 10-
EDAM plasma level at 24 h < 15 nM experienced early toxicity;
however, it was observed in three of five patients with 24-h
plasma levels > 15 nM. Several of the patients with low clear
ance rates had hepatic mÃ©tastases;however, the number of
patients in the study with clinically evident hepatic disease was
not sufficient to permit a more detailed statistical analysis.

Parallel Plasma and Tissue Pharmacokinetic Studies. Parallel
assessment of the pharmacokinetic behavior of 10-EDAM was
performed in plasma and cutaneous mÃ©tastasesin two patients
with (respectively) renal (status post-right nephrectomy) and
breast adenocarcinomas; the data are presented in Table 8.
Each of the patients received 80 mg/m2 of 10-EDAM; Patient

1 cleared the drug more slowly than any other patients in the
series, having plasma concentrations that were, respectively, 2-
and 6-fold greater than Patient 2 at 2 and 6 h, respectively. In
the tissue assays, at 2 h the renal cancer metastasis had a greater
total uptake of 10-EDAM than the breast metastasis, and
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Table 8 Tissue and plasma pharmacokinetic studies of IO-EDAM" in cancer patients with skin mÃ©tastases

Antifolate concentration

Patient122DiagnosisKidneyCarcinomaBreastTumorNormalSkinTime
post-

EDAM2h6h2h6h2h6hPlasma(nmol/ml)5.571.282.440.212.440.2110-EDAM0.2710.0490.1170.0710.1880.0187-OH-EDAMND*0.01ND0.067NDND(.In10.0390.0210.0150.036NDNDGlu-20.0170.0140.0170.078NDNDGlu-3NDNDND0.038NDNDTotal0.3270.0940.1490.2900.1880.018Tissue/plasmaratio0.060.070.061.380.080.09

Â°10-EDAM (80 mg/m2) i.v. at t =
* N D, not detectable.

comparable conversion to the (Â¡luI and Glu-2 polyglutamate
forms; the tissue/plasma content ratios were: kidney 0.06 and
breast 0.07. However, by 6 h, in the breast tumor the total
content of the drug, and particularly its Glu-1, Glu-2, and Glu-
3 polyglutamate forms, had increased substantially; since there
had been a significant reduction in the plasma content of 10-
EDAM in this patient, the tissue/plasma ratio increased to
1.38. In contrast, within the renal cancer metastasis, the total
drug content had decreased 3.5-fold, with no increase in Glu-1
or Glu-2 polyglutamates, and no interval appearance of Glu-3;
the tissue/plasma ratio remained low at 0.07. In the normal
skin of the breast cancer patient the tissue content of the drug
directly paralleled the plasma concentration, without detectable
conversion to polyglutamate forms.

DISCUSSION

10-EDAM was selected for study because of its activity in
model tumor systems, rapid efflux from sensitive normal tis
sues, extensive polyglutamate formation within target cells,
acceptable preclinical toxicity, and the availability of a sensitive
and reproducible method to assay the agent in body fluids. In
general, during this Phase I trial, the drug was well tolerated
and no unexpected adverse effects were encountered. Qualita
tively, the pattern was similar to that observed with MTX given
as a single agent without leucovorin rescue. Oral mucositis was
the dose-limiting toxicity. Although the majority of patients at
the 40-mg/m2 level experienced 2+ mucositis, dose escalation

continued and significant mucositis was not observed again
until the 100-mg/m2 dosage level. Two out of the three patients
treated with 10-EDAM for the first time at the 120-mg/m2

level experienced at least 2+ toxicity. The recommended dosage
of 10-EDAM for Phase II trials is 100 mg/m2 given i.v. once

weekly for 3 weeks (treatment Days 1, 8, and 15) with repeat
cycles given on treatment Day 36 if appropriate. The experience
with four individuals given a dose of 120 mg/m2 during a

second course after they did not have 2+ toxicity during an
initial course of 10-EDAM at a dose of 100 mg/m2 suggests
that 120 mg/m2 is an appropriate dose for similar patients. On
the weekly schedule, a dose of 80 mg/m2, with adjustments in

accordance with patient tolerance, is recommended. While the
100 mg/m2 weekly dose was well tolerated by many patients,

42% of patients at this dose level experienced 3+ or greater
mucositis. The variability in patient tolerance with 10-EDAM
is similar to the variability observed with MTX on a comparable
schedule.

Transient elevations of SCOT, lethargy, mild transient ele
vations in prothrombin and partial thromboplastin times, and
serum creatinine, diarrhea, thrombocytopenia, leukopenia and
rashes were also noted. With the exception of skin rash, none
of these other toxicities were clearly dose related over the range
of dosages examined.

As had been predicted from the comparative pharmacokinetic
studies of 10-EDAM and MTX in tumor-bearing mice (3), the
pharmacokinetic behavior of 10-EDAM in humans is broadly
similar to that of MTX. It has a triphasic disappearance from
plasma with half-lives comparable to that of MTX. Catabolism
to 7-OH-10-EDAM was demonstrated in plasma and urine and
to the deglutamate of 10-EDAM in urine. A correlation is
suggested between a slow total body clearance of the drug and
poor tolerance to dosages > 60 mg/m2/week; however the

factors that contribute to slow drug clearance in an individual
patient remain to be identified. Comparison of the renal clear
ance of 10-EDAM and creatinine suggests that 10-EDAM is
subject to renal tubular secretion in a manner similar to MTX.
The tolerance and pharmacokinetic behavior of 10-EDAM has
not been studied in patients with impaired renal function. The
treatment of such patients should be approached with caution
and initial dosages reduced below the levels recommended.

The initial studies reported here on parallel plasma and tissue
content of 10-EDAM and its metabolites demonstrate that this
type of analysis is feasible on the quantities of tissue that can
be obtained from conventional punch biopsies. They indicate
that the drug is anabolized intracellularly in patients at least to
the level of three additional glutamate residues. Although the
longer retention and more extensive polyglutamate formation
observed in the breast cancer mÃ©tastasescompared with the
renal cancer mÃ©tastasescorrelates with the known relative
responsiveness of those two tumor varieties to MTX, no such
correlation is possible in the present study. Both patients had
advanced disease and were unable to receive repeated doses of
the drug.

Four major objective antitumor responses were observed; the
duration of the responses, 6, 15, 26+, and 40+ months, is
particularly encouraging. Phase II trials have been initiated
with 10-EDAM in adults with non-small cell lung cancer, colon
cancer, head and neck cancer, and non-Hodgkin's lymphomas.

The initial results of the lung cancer assessment are positive
and consistent with the evidence of antitumor activity observed
in the present study (10).

REFERENCES

1. Sirotnak, F. M., DeGraw, J. I., Moccio, D. M., Samuels, L. L., GoÃ»tas,L.
J.. and Moccio, D. M. New folate analogs of the 10-deaza-aminopterin series.
Further evidence for markedly increased antitumor efficacy compared with
methotrexate in ascitic and solid murine tumor models. Cancer Chemother.
Pharmacol., 12: 26-30, 1984.

2. Schmid. F. A., Sirotnak. F. M., Otter. G. M., and DeGraw, J. I. New folate
analogs of the 10-deaza-aminopterin series. Markedly increased activity of
the 10-ethyl analog compared to the parent compound and methotrexate
against some human tumor xenografts in nude mice. Cancer Treat. Rep., 69:
551-553, 1985.

3. Sirotnak, F. M., DeGraw, J. I., Moccio, D. M., Samuels, L. L., and GoÃ»tas,
L. J. New folate analogs of the 10-deaza-aminopterin series. Basis for
structural design and biochemical and pharmacologie properties. Cancer
Chemother. Pharmacol., 12: 18-25, 1984.

4. Schmid. F. A.. Sirotnak, F. M., Otter, G. M., and DeGraw, J. I. Combination

5578

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432614/cr0480195573.pdf by guest on 19 M

ay 2023



PHASE I AND CLINICAL STUDY OF 10-EDAM

chemotherapy with a new folate analog: activity of 10-ethyl-lO-deaza-ami- 7. Miller, A. B., Hoogstraten. B.. Staquet, M., and Winkler, A. Reporting
nopterin compared to methotrexate with 5-fluorouracil and alkylating agents resuUs of cancer treatment. Cancer (Phila.), 47: 207-214, 1981.
SSÃnTASS* dÃ•SeaSeÃ•nmUrÃ•netUm0r m0delS' CanCerTreat' 8- Jennrich- R '- and Mo0re' R "â€¢Ma*imum likelihood estimation by means

5. Fanucch'i, M. P., Kinahan, J. J., Samuels, L. L., Hancock, C., Chou, T-C., of nonlinear least squares. In: Proceedings of the Statistical Computing

Niedzwiecki, D., Farag, F., Vidal, P. M., DeGraw, J. I., Sternberg, S. S., Section, American Statistical Association, pp. 57-65, 1975.
Sirotnak, F. M.. and Young, C. W. Toxicity, elimination, and metabolism of 9. Gibaldi, M., and Perrier, D. Pharmacokinetics, pp. 433-434, New York:
10-ethyl-lO-deazaaminopterin in rats and dogs. Cancer Res., 47:2334-2339, Marcel Dekker, Inc., 1982.

. Â¿?87; , , , , , , , ,,,,,,â€ž., 10. Shum, K. Y., Kris, M. G., Gralla, R. J., Burke, M. T., Marks, L. D., and6. Kinahan, J. J., Samuels, L. L., Farag, F., Fanucchi, M. P., Vidal, M. V., ' ,
Sirotnak, F. M., and Young, C. W. Fluorometric HPLC analysis of 10- Heelan- R T- phase " stud* of 10-ethyl-lO-deazaaminopterin in patients
deazaaminopterin, 10-ethyl-lO-deazaaminopterin and known metabolites. *iÂ«hstage III and IV non-small cell lung cancer. J. Clin. Oncol., 6:446-450,
Anal. Biochem., ISO: 203-213, 1985. 1988.

5579

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432614/cr0480195573.pdf by guest on 19 M

ay 2023


