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Abstract

Introduction This phase II trial was conducted to
assess the efficacy and safety of 10-Ethyl-10-Deaza-
Aminopterin (10-EDAM), a folate antagonist, in meta-
static breast cancer patients who had received no more
than one prior chemotherapy regimen.

Methods Fifty-five patients were treated on an initial
weekly dose 80 mg/m? of 10-EDAM. Patients who had
received a prior chemotherapy regimen in the adjuvant
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setting (group 1) were considered separately from
patients who had received a prior chemotherapy regi-
men in the metastatic setting (group 2).

Results The response rate for both groups combined
was 18%, and median time to progression was
3 months. Median overall survival was 12 months.
Treatment was associated with common chemother-
apy-related toxicities, such as 25% grade three or four
neutropenia and 20% grade three or four stomatitis.
Conclusion 1In patients with metastatic breast cancer
who had received one prior chemotherapy regimen,
10-EDAM was well tolerated. In general, while defi-
nite antitumor activity was documented, time to pro-
gression was brief.
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Introduction

Breast carcinoma is the most common malignancy in the
United States among women, and accounts for the sec-
ond most female cancer deaths [1]. Approximately one-
third of all breast cancer patients will develop metastatic
disease [2]. Significant improvements in survival from
first relapse have occurred over the past two decades,
coinciding with advances in breast cancer treatment
[3, 4]. Single agent chemotherapy for metastatic breast
cancer has produced response rates from 20 to 50%,
with median duration of survival of 18-24 months [2, 5].
Although combination chemotherapy shows significant
improved response rates and disease-free survival com-
pared to single agent chemotherapy, there is only a mod-
est improvement in overall survival and significantly
worse toxicities for combination therapy [6].

Methotrexate has been used in the past as a single-
agent chemotherapy in breast cancer, but it is more
commonly administered in the adjuvant setting in the
combination of cyclophosphamide, methotrexate, and 5-
fluorouracil (CMF) [7]. 10-Ethyl-10-Deaza-Aminopterin
(10-EDAM, also known as EDX or Edatrexate), is an
analog of methotrexate (MTX) with improved pre-clini-
cal activity, formed by the modification of the N10 posi-
tion of the 4-aminofolate [8]. 10-EDAM has shown a
3.2-fold more potent inhibition of dihydrofolate reduc-
tase in breast cancer cell lines and an increased thera-
peutic index in animal models [9]. In phase I and II
trials, 10-EDAM has demonstrated activity in head and
neck, non-small cell lung cancer (NSCLC), and breast
cancer patients [10, 11]. Two different phase II studies,
each assessing 32 patients using 10-EDAM as first-line
chemotherapy for metastatic breast cancer, yielded
response rates of 34 and 41% [12, 13].

Because of promising preclinical and clinical data, a
phase II trial was initiated at MD Anderson Cancer Cen-
ter in Houston, TX, enrolling patients from April 1991 to
February 1992 to assess to the toxicity and response rates
of 10-EDAM in metastatic breast cancer patients who had
received no more than one prior chemotherapy regimen.

Patients and methods
Inclusion criteria

Between April 1991 and February 1992, 55 patients
with documented and measurable metastatic breast
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cancer were enrolled in Protocol DM90-086 at MD
Anderson Cancer Center and associated CCOP (Com-
munity Clinical Oncology Protocol) sites. Patients had
received no more than one previous chemotherapy
regimen, not including MTX, and then relapsed.
Patients who received a prior chemotherapy regimen
in the adjuvant setting (group 1) were considered sepa-
rately from patients who received a prior chemother-
apy regimen in the metastatic setting (group 2). For
adjuvant patients at least 12 months must have elapsed
since previous chemotherapy. For non-adjuvant
patients, at least 3 weeks must have elapsed since prior
chemotherapy before enrollment on the trial. No hor-
monal, radiation, nor other investigational therapy was
permitted concurrently nor within 3 weeks of entrance
into the study. Other eligibility criteria included a life-
expectancy of >12 weeks, a Zubrod scale performance
status >2, a white count of at least 4,000 mm~>, an
absolute granulocyte count of at least 1,500 mm ™, and
a platelet count of at least 100,000 mm—3. In addition,
patients required a bilirubin of no greater than 1.5 mg/
dL, a SGPT of no more than 1.5x the upper limit of
normal, and a serum creatinine of no greater than
1.5 mg/dL. Patients with brain metastases were eligible,
providing other measurable disease existed. All partici-
pants signed an IRB-approved informed consent form,
in keeping with institutional and federal regulations.

Exclusion criteria

Patients were excluded if they were pregnant, had clin-
ically significant third-space fluid collections, or had a
history of a prior malignancy, unless there was no
recurrence for at least 5 years. Patients with unstable
angina, congestive heart failure, serious concomitant
infection, or inability to participate as an outpatient
weekly were not permitted in the study.

Evaluation before and during treatment

The pretreatment evaluation included a complete med-
ical history and physical, laboratory studies, documen-
tation of all measurable disease, and radiographic
studies including chest X-ray, CT scan of the abdomen,
and radionucleotide bone scan. While on treatment, a
weekly history and physical, CBC, serum creatinine
and SGPT were performed. SMA-12 electrolyte panel
was performed at least every 5 weeks. Appropriate
radiographic studies were repeated once every
5weeks. All relevant information regarding drug
dosage, tumor response, laboratory evaluation, and
treatment-related toxicities were recorded prior
administration of each treatment.



Cancer Chemother Pharmacol (2007) 60:61-67

63

Treatment plan

The starting dose (level 0) of 10-EDAM was 80 mg/
(m? week) for all 5 weeks given on days 1, 8, 15, 22, and
29. Subsequent courses of weekly 10-EDAM were
started on day 36 if therapeutic effects were evident
and toxicity permitted. The concentration of 10-
EDAM was 12.5 mg/mL diluted into 50 mL normal
saline and administered as an intravenous infusion
over 20-30 min. Dosages were adjusted according to
the development of toxicities. All toxicities encoun-
tered during the study were evaluated by the common
toxicity criteria, grades 0—4. There was no dose reduc-
tion for grade 1 hematologic toxicity. Weekly doses of
10-EDAM were withheld in patients with grade 2 or
greater mucositis or other major organ toxicity until the
toxicity resolved. Subsequent doses were administered at
the original level for grade 2 toxicities and at 50% of the
original level for grade 3 or 4 toxicities. Patients showing
no toxicity after 5 weekly doses had their weekly dose
increased to the next dose level. Dose levels were as fol-
lows: dose level —2: 40 mg/(m®week), dose level
—1: 60 mg/(m? week), dose level 0: 80 mg/(m” week)
(starting dose), dose level +1: 100 mg/(m? week), and
dose level +2: 120 mg/(m? week). Leucovorin 15 mg
orally every 6 h for 8 doses was given to patients who
developed mucositis within 24 h after 10-EDAM dose.
Patients who developed progression of disease after a
minimum of 3 weekly doses of 10-EDAM had protocol
treatment discontinued. Patients with stable disease or
objective responses remained on treatment until evi-
dence of disease progression or unacceptable toxicity
occurred. Complete response (CR) was defined as dis-
appearance of all clinical evidence of tumor, persisting
for 4 weeks. Partial response (PR) was defined as 50%
or greater reduction in the sum of the products of the
longest perpendicular diameters of all measured
lesions persisting for a minimum of 4 weeks. Progres-
sive disease (PD) was any increase in >25% of the sum
of the products of diameters of any measurable disease
or unequivocal new lesions. No change or stable dis-
ease (SD) was any regression not meeting CR/PR cri-
teria and no evidence of progression as defined by PD
above.

Statistical considerations

The primary objective of this study was to determine
the efficacy, as measured by response rate, of 10-
EDAM. In each group, response was to be assessed in
the first 14 patients. If no responses were observed, fur-
ther recruitment to that group was to be terminated. If
one or more responses were observed, the group was

to enroll an additional 16 patients in order to estimate
the response rate with a standard error no greater than
10%.

Patient characteristics were tabulated. Response
rates were estimated and presented with their exact
binomial 95% confidence intervals. Patients not evalu-
able for response were considered non-responders.
Overall survival was measured from the start of treat-
ment to the date of death from any cause or last follow-
up. Progression-free survival was measured from the
date of treatment start to the date of disease progres-
sion or last follow-up. Patients who died before experi-
encing disease progression were considered censored
in the analysis of progression-free survival. Survival
outcomes were estimated by the Kaplan-Meier
method. Median follow-up was calculated as the
median observation time among all patients.

Results
Patient demographics

This study enrolled a total of 55 patients, 21 in group
1 and 34 in group 2, from April 1991 to February
1992. Table 1 shows the tabulation of patient charac-
teristics. Among patients in group 1, median age was
59, 86% were white, 95% had received prior chemo-
therapy, 57% had received prior hormonal therapy,
62% had received prior radiotherapy, the median
number of metastatic sites was 2, and 67% had vis-
ceral metastasis. Among patients in group 2, the
median age was 56.5, 68% were white, all patients had
received prior chemotherapy, 59% received prior
hormonal therapy, 47% received prior radiotherapy,
the median number of metastatic sites was 2, and 62%
had visceral metastasis. Menopause status, nuclear
grade, and hormonal receptor status were unknown
for most patients.

Efficacy

Table 2 shows the tabulation of responses by group. In
group 1, 5 patients achieved a PR (23.8%, 95%
Cl=8.2%, 47.2%) and 9 patients achieved stable dis-
ease or better (SD + PR) (42.9%, 95% CI=21.8%,
66.0%). In group 2, 5 patients achieved a PR (14.7%,
95% CI =5.0%, 31.1%) and 15 patients achieved sta-
ble disease or better (44.1%, 95% CI =27.2%, 62.1%).
Combining both groups, 10 patients achieved a PR
(182%, 95% CI=9.1%, 30.9%) and 24 patients
achieved stable disease or better (43.6%, 95%
CI =30.3%, 57.7%).
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Table 1 Patient characteristics

N Percent N Percent

N 21 - 34 -
Median age, 59 - 56

years (range) (37,76) (38,75)
Race

Black 2 9.5 5 14.7
Hispanic 1 4.8 5 14.7
Other 0 0.0 1 2.9
White 18 85.7 23 67.6
Menopause status

Post-surgical 1 20.0 3 20.0
Post-Natural 2 40.0 6 40.0
Pre 2 40.0 6 40.0
Prior CT

Yes 20 95.2 34 100
No 1 4.8 0 0.0
Prior HT

Yes 12 57.1 20 58.8
No 9 42.9 14 41.2
Prior XRT

Yes 13 61.9 16 47.1
No 8 38.1 18 52.9
Number of

metastasis sites

Minimum 1 - 1 -
Median 2 - 2 -
Maximum 5 - 7 -
Dominant

metastasis site
bone 3 14.3 7 20.6
Subcutaneous 4 19.0 6 17.6

tissue
Visceral 14 66.7 21 61.8
Table 2 Response to treatment

Groupl Group 2
N Percent N Percent

Non-evaluable 1 4.8 1 2.9
SD 4 19.0 10 294
PD 11 52.4 18 52.9
PR 5 23.8 5 14.7

Tables 3 and 4 show the estimates of overall survival
and progression-free survival, respectively. Median fol-
low-up was 11.8 months (range 2.5-150.0 months). In
group 1, all 21 patients died and median overall sur-
vival was 12.8 months (range 2.5-64.5 months). In
group 2, 33 out of 34 patients have died and median
overall survival was 11.6 months (range 3.8
69.5 months). In both groups combined, median over-
all survival was 11.8 months (Fig. 1).

In group 1, all 21 patients experienced disease pro-
gression and median time to progression was 3.1 months
(range 1-18.1 months). In group 2, 31 out of 34 patients
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have experienced disease progression and median time
to progression was 2.6 months (range 0.4-31.5 months).
In both groups combined, median time to progression
was 3.0 months (Fig. 2).

Most patients were taken off the study due to dis-
ease progression. In group 1, 16 patients (76%) were
removed because of disease progression. Among the
rest of this group, 1 patient (5% ) refused and 4 patients
(19%) had treatment discontinued due to toxicity. In
group 2, 28 patients (82%) had disease progression
while 3 patients (9% ) were removed secondary to tox-
icity. Three individual patients had discontinuation for
treatment due to non-response, noncompliance, and
refusal, respectively.

Safety

All patients enrolled in the study were included in the
safety analysis. Table 5 reports the toxicities of patients
while receiving 10-EDAM. The majority of adverse
events were mild to moderate in severity.

Common nonhematologic events were typical of
chemotherapy-related toxicities, including fatigue,
nausea, alopecia, anorexia, and diarrhea. Skin reac-
tions were observed in 35% of patients, with 9% hav-
ing grade three or four skin toxicity. Stomatitis was
present in 67% of patients, with 20% representing
grade three or four reactions. Transaminases increased
in 55% of patients, and 15% experienced grade three
or four transaminase increases.

Hematologic toxicity was relatively common. Grade
three or four leukopenia and granulocytopenia were 11
and 25%, respectively. Fourty-four percent of patients
suffered from anemia, with only 4% being grade three
or four. Thrombocytopenia was noted in 27% of
patients, with 11% of those having grade three or four.

Discussion

This open-label phase II trial evaluated the efficacy and
safety of 10-EDAM on metastatic breast cancer
patients who had received no more than one prior che-
motherapy regimen. The trial was designed to estimate
response rates in two separate groups, one with prior
chemotherapy in the adjuvant setting and the other
with prior chemotherapy in the metastatic setting.
Over half of the patients on 10-EDAM achieved stable
disease or better.

Overall survival of patients on the trial was approxi-
mately 12 months. Though no other single-agent che-
motherapy shows significant improvement in overall
survival, 10-EDAM does not measure up to currently
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Table 3 Overall survival estimates

N No Median 1 Year 95% Confidence 3 Year 95% Confidence 5 Year 95% Confidence
events (months) estimate (%) interval estimate (%) interval estimate (%) interval
Groupl 21 21 12.8 52.4 (34.8%,78.8%) 143 (5%, 40.7%) 4.8 0.7%,32.2%)
Group2 34 33 11.6 441 (30.2%,64.4%) 11.8 (4.7%,29.5%) 5.9 (1.5%,22.6%)
Combined 55 54 11.8 47.3 (35.8%,62.5%) 12.7 (64%,254%) 5.5 (1.8%,16.4%)

Table 4 Progression-free survival

N No Median 6 Month 95% Confidence 12 Month 95% Confidence
events (months) estimate (%) interval estimate (%) interval
Group 1 21 21 31 28.6 (14.5%,56.2%) 48 0.7%,32.2%)
Group 2 34 31 2.6 32.4 (19.9%, 52.6%) 16.2% (7.4%,35.6%)
Combined 55 52 3.0 30.9 (20.8%, 45.9%) 113 (52%,24.3%)

e Table 5 Incidence of adverse events (% of patients)
© Total Grade
2> ©° three-fourth
Qo
% 3 Adverse event (n=55) (%) (n=55)
a (%)
§ p Abdominal pain 2 0
s Alkaline phosphatase 9 0
a « increase
Alopecia 31 0
g Anemia 44 4
0 20 40 60 80 100 120 140 Anorexia 27 2
Bilirubin increase 4 4
Months from Start of Treatment Cardiac function 2 2
Fig.1 Overall survival groups 1 and 2 ggﬂ;lsmcti tis g g
A%
Constipation 9 0
o | Creatinine increase 2 0
- Group 1 —— Diarrhea 35 5
Group2 ---- Drug fever 5 0
- e Dysgeusia 2 0
= Edema peripheral 4 0
8 o Fatigue 45 9
o ° Granulocytopenia 56 25
e Headache 11 0
2 3 Hyperglycemia 7 0
:E, Hypocalcemia 2 0
D o Leukopenia 60 11
e Mood 4 0
_________________________________________________ . Myalgia 7 0
= Nausea alone 47 0
0 20 40 60 80 100 120 140 Respiratory symptoms 2 2
Months from Start of Treatment gle(?:;re);ction %5 g
Fig. 2 Progression-free survival, groups 1 and 2 Stomatitis 67 20
Thrombocytopenia 27 11
Transaminase increase 55 15
accepted regimens when comparing response rates and &Oerlrgftlltnli “ 38 g

time to progression. [14-16] The response rate for 10-
EDAM was 18%, and median time to progression was
3 months. Other single agents currently used in meta-  [2]. In the 10-EDAM study, however, patient charac-
static breast cancer, though, have response rates of 20—  teristics, such as receipt of prior chemotherapy, may
50%, with median time to progression of 4-8 months  contribute to 10-EDAM’s decreased activity.
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In other phase II trials of metastatic breast cancer
patients, 10-EDAM had higher response rates of 34—
41% versus 18% in this study. One explanation is that
the more successful studies had a majority of chemo-
therapy-naive patients, making comparisons with the
current study difficult. 10-EDAM may have a role in
the treatment of metastatic breast cancer as a frontline
therapy in patients who are chemotherapy-naive. In
addition, a folate antagonist such as methotrexate has a
stronger role in combination therapy with CMF, and
10-EDAM may have a greater impact in the combina-
tion chemotherapy setting. When administered in com-
bination with platinum compounds, paclitaxel, and
other agents in preclinical and clinical studies, 10-
EDAM has shown a synergistic effect [17-20].

Over the past twenty years, numerous other folate
antagonists have attempted to improve upon the
efficacy of methotrexate. Despite extensive efforts in
molecular modeling, synthesis, preclinical testing, and
clinical trials, numerous drugs such as 10-EDAM, trim-
etrxate, piritrexim, and triazinate have been unsuccess-
ful in improving the clinical standard [21]. One
multitargeted folate antagonist, pemetrexed, however,
has shown a minor benefit in the treatment of malig-
nant mesothelioma and non-small cell lung cancer,
with response rates of 9-14% [22, 23].

Conclusion

Treatment with 10-EDAM is generally well tolerated,
and monitoring of blood counts, mucositis, and liver
function tests is required. Though minimal benefit was
demonstrated in this Phase II trial, further studies are
necessary to determine the role for 10-EDAM in the
management of metastatic breast cancer. Regardless of
this drug’s future, continued investigation is warranted
with experimental agents in breast cancer to establish
effective treatments with minimal side effects.
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