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A B S T R A C T

Purpose
To determine the maximum-tolerated dose (MTD) and efficacy of pralatrexate in patients
with lymphoma.

Patients and Methods
Pralatrexate, initially given at a dose of 135 mg/m2 on an every-other-week basis, was associated
with stomatitis. A redesigned, weekly phase I/II study established an MTD of 30 mg/m2 weekly for
six weeks every 7 weeks. Patients were required to have relapsed/refractory disease, an absolute
neutrophil greater than 1,000/�L, and a platelet count greater than 50,000/�L for the first dose of
any cycle.

Results
The every-other-week, phase II experience was associated with an increased risk of stomatitis and
hematologic toxicity. On a weekly schedule, the MTD was 30 mg/m2 weekly for 6 weeks every
7 weeks. This schedule modification resulted in a 50% reduction in the major hematologic
toxicities and abrogation of the grades 3 to 4 stomatitis. Stomatitis was associated with elevated
homocysteine and methylmalonic acid, which were reduced by folate and vitamin B12 supple-
mentation. Of 48 assessable patients, the overall response rate was 31% (26% by intention to
treat), including 17% who experienced complete remission (CR). When analyzed by lineage, the
overall response rates were 10% and 54% in patients with B- and T-cell lymphomas, respectively.
All eight patients who experienced CR had T-cell lymphoma, and four of the six patients with a
partial remission were positron emission tomography negative. The duration of responses ranged
from 3 to 26 months.

Conclusion
Pralatrexate has significant single-agent activity in patients with relapsed/refractory T-cell lymphoma.

J Clin Oncol 27:4357-4364. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Pralatrexate is a 10-deazaaminopterin that is struc-
turally similar to methotrexate (MTX). Unlike other
antifols, praltrexate was not designed to be a better
substrate for folypolyglutamyl synthetase (FPGS) or
dihydrofolate reductase. It was rationally designed
to have greater affinity for the reduced folate carrier
(RFC). This allows the drug to be selectively accu-
mulated in tumor cells. RFC expression is induced
by various oncogenes, including H-ras and c-myc,
which results in an increase in the rate of internaliza-
tion of radiolabeled antifol.1

RFC is a fetal oncoprotein that is highly ex-
pressed on fetal and malignant tissue, and it is the
principal transporter through which folates and an-
tifolates enter the cell.1-3 The high-level expression is
related to the demands for natural folates required
by proliferative tissues to synthesize DNA. Biochem-
ically, the influx Vmax/Km mediated by RFC shows
that pralatrexate is incorporated at a rate 14 times
greater than MTX.4-8 Similarly, the Vmax/Km for the
FPGS suggest that pralatrexate is 10 times more effi-
ciently polyglutamylated compared with MTX.4-8

This biochemistry suggests that pralatrexate should
be more potent than MTX and could overcome
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known mechanisms of MTX resistance in which downregulation of
RFC and/or FPGS leads to MTX resistance.

Preclinical models of lymphoma consistently demonstrate supe-
riority for pralatrexate compared with MTX, and most lymphoma
cytotoxicity assays demonstrate at least a 1-log lower 50% inhibitory
concentration for pralatrexate. This pattern of activity was observed in
B- and T-cell lymphomas, both in vitro and in vivo.9,10 Recent studies
have established that pralatrexate synergizes with gemcitabine and
that this synergy is superior to traditional MTX plus cytarabine.10

With this rationale, a phase II study of pralatrexate (135 mg/m2

every other week [QOW]) was initiated in patients with relapsed/
refractory lymphoma. This phase II study, which used the maximum-
tolerated dose (MTD) identified in patients with non–small-cell lung
cancer,11,12 revealed a higher incidence of stomatitis in patients with
lymphoma. The early experience in patients with lymphoma re-
vealed that the risk of stomatitis was greatest in patients with
markedly elevated homocysteine (Hcy) and methylmalonic acid
(MMA) levels and in patients with low pralatrexate clearance (high
area under the curve exposure). These observations led to a new
dose and schedule and to a requirement for folate and vitamin B12
pretreatment. A weekly phase I study was initiated with 30 mg/m2

weekly for 3 of 4 weeks followed by a second phase II trial at the once
weekly (QW) MTD of 30 mg/m2 for 6 of 7 weeks (Fig 1). We report
here the experience with pralatrexate on these phase I and II studies in
patients with non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lym-
phoma (HL).

PATIENTS AND METHODS

Patient Selection

Patients were required to have histologically confirmed NHL by using
the WHO classification or to have HL. Eligibility required the following:
measurable disease in the phase II study and evaluable disease in the phase I

study; disease that was relapsed/refractory to prior therapy with no limit on
prior therapy; no prior chemotherapy for at least 4 weeks; time period of at
least 3 months since the last administration of any monoclonal antibody,
unless there was objective evidence of disease progression within that time
(phase II studies only); 18 years of age or older; life expectancy of 3 months or
greater; a Karnofsky performance status � 60%; and no signs of congestive
heart failure. Patients were not excluded for febrile episodes as long as there was
no evidence of active infection. Prior MTX exposure was not exclusionary. All
patients were required to sign an institutional review board–approved informed
consent and Health Insurance Portability and Accountability Act consent.

Within 2 days of study drug administration, patients had to meet the
following criteria: absolute neutrophil count greater than 1,000/�L; platelet
count � 50,000/�L; total bilirubin � 1.5 times upper institutional limit of
normal (ULN); AST/ALT � 2.5 times ULN (or four times ULN if liver
involvement); and creatinine less than 1.5 times ULN or a creatinine clearance
of � 50 mL/min. Patients were excluded if they were pregnant; had evidence of
intracranial disease; had major surgery within 4 weeks; had uncontrolled
illness, including active infection, symptomatic congestive heart failure, un-
controlled hypertension, unstable angina pectoris, cardiac arrhythmia, a myo-
cardial infarction, or cerebrovascular accident within 6 months of study
enrollment; known HIV disease; or psychiatric illness/social situations that
would limit compliance with study requirements.

Study Design

This was a single-agent Phase II-I-II study of pralatrexate in patients with
relapsed or refractory NHL or HL. The objectives of the phase II studies were to
determine the frequency and duration of complete remission (CR) and partial
remission (PR), and the objectives of the phase I study were to determine the
MTD and dose-limiting toxicities (DLTs) of weekly pralatrexate.

During the QOW phase II study, all patients began pralatrexate treat-
ment at 135 mg/m2. Patients who tolerated this dose were eligible for dose
escalation (by 15 mg/m2 until toxicity occurred). All patients had full pharma-
cokinetic (PK) studies with pre- and post- treatment Hcy, MMA, vitamin B12,
and intraerythrocytic folate levels.

During the phase I study, dose escalation employed a modified Fibonacci
schema that started at 30 mg/m2 weekly for 3 of 4 weeks. Three new patients
per cohort were treated and observed for at least 7 weeks before opening the
next dose cohort. At each new dose, patients were enrolled until the first DLT,
defined as grades 3 or 4 nonhematologic toxicity (excluding alopecia and
infusion site reactions); nausea, vomiting, or diarrhea that persists beyond 10
days of dosing uncontrolled by aggressive treatments; grade 3 febrile neutro-
penia or grade 4 neutropenia that preempts administration of the next dose;
grade 4 thrombocytopenia; and any toxicity not defined as a DLT that lasts 3
weeks. In addition, DLT was not met when any patient missed more than a
third of the doses in cycle 1.

Three patients per dose cohort were enrolled simultaneously, and esca-
lation was as follows: twice the dose of 15mg/m2, triple the dose of 15mg/m2,
four times the dose of 15mg/m2, and continued similar increases with no
upper limit. If one patient experienced a DLT, three additional patients were
added. If two of six patients experienced a DLT during the first cycle of therapy,
this dose level was declared the maximum administered dose (MAD), and the
previous dose level was declared the MTD. When the MAD was defined, there
was no additional dose escalation. An additional 20 to 30 patients were allowed
to be treated at the QW MTD.

Drug Administration

Pralatrexate was supplied as the free acid in a dry powder. Weighed
portions of the drug were suspended in bacteriostatic sterile normal saline USP
adjusted to pH 7. The final concentration was 10 mg/mL. Formulation and
vialing of pralatrexate were performed by the institutional Research Pharmacy
(Memorial Sloan-Kettering, New York, NY) for the QOW phase II study;
thereafter, pralatrexate was supplied by Allos Therapeutics (Westminster,
CO). The drug was administered intravenously by bolus injection (over 3 to 5
minutes) with normal saline.

Dose Modification

In the Phase II QOW study, dose modifications were based on the grade
of stomatitis. If a patient failed to meet the criteria for re-treatment, then

30 mg/m2 weekly for 6 weeks every 7 weeks
(Maximum tolerated dose)

135 mg/m2 day 1 and 15 every 28 days
(escalation by 15 mg/m2 if no toxicity

every 2 cycles)

30 mg/m2 weekly for 3 weeks every 4 weeks

30 mg/m2 weekly for 6 weeks every 7 weeks

45 mg/m2 weekly for 6 weeks every 7 weeks
Maximum administered dose

Thrombocytopenia dose limiting toxicity

Every Other
Week

Phase 2

Every Week
Phase 1

Every Week
Phase 2

Fig 1. Development of pralatrexate phase II-I-II studies in lymphoma.
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Table 1. Patient Demographic and Clinical Characteristics

Parameter

Study Phase and Design

Phase II QOW (n � 16) Phase I QW (n � 17) Phase II QW (n � 24)

No. % No. % No. %

Age, years
Median 55 53 59
Range 29-78 23-75 38-80

Sex
Male 12 75 6 35 16 65
Female 4 25 11 65 8 33

Ethnicity
White non-Hispanic 10 63 7 41 19 79
White Hispanic 3 19 1 6 0 0
Black non-Hispanic 2 13 3 18 3 13
Asian/Indian 1 6 1 6 0 0
Asian/Pacific Islander 0 0 3 18 2 9
Other 0 0 2 12 0 0

Disease
DLBCL 8 50 3 18 2 8
Hodgkin’s lymphoma 5 31 3 18 0 0
T cell 1 6 11 65 18 75
Mantle cell/CLL 2 13 0 0 1 4
Follicular 0 0 0 0 1 4
Composite lymphomas� 0 0 0 0 2 8

Prior therapy
CHOP/RCHOP/NHL-15/CHOEP 11 69 8 47 14 58
CVP � rituximab/ontac/CEPP 1 6 0 0 0 0
ICE/RICE 11 69 6 35 6 25
DHAP/ESHAP � rituximab 5 31 2 12 3 13
HDC � ASCT 4 25 5 29 2 8
HyperCVAD/EPOCH 1 6 3 18 6 25
DVIP/MINE 1 6 0 0 1 4
ALL-2/L-20 0 0 1 6 1 4
Vinblastine 1 6 1 6 0 0
Fludarabine 0 0 0 0 1 4
Pentostatin 0 0 2 12 2 8
Gem/fludarabine/cisplatin 1 6 0 0 0 0
ABVD/MOPP/ABVD-MOPP (COPP) 5 31 2 12 0 0
Stanford V 0 0 1 6 0 0
Gem/GND/Gem n � rituximab 3 19 4 24 1 4
Rituximab 4 25 2 12 3 13
Bexarotene 0 0 1 6 2 8
Alemtuzimab 1 6 1 6 3 13
MDX-60 0 0 2 12 0 0
Dennilieukin difitox 0 0 1 6 3 13
HDACI SAHA or depsipeptide 4 25 1 6 0 0
Carfilzomib proteasome inhibitor 0 0 0 0 2 8
Cyclosporin � corticosteroids 0 0 2 12 4 17
Radiation 7 44 4 24 1 4

NOTE. The following prior treatments were given to one patient: in the Phase I QW group, oral MTX, thalodiomide, bortizimib, and interferon; in the phase II QW
group, BMS 2475550, PILS-1, PUVA, and Ara-G.

Abbreviations: QOW, every other week; QW, every week; DLBCL, diffuse large B-cell lymphoma; CLL, chronic lymphatic leukemia; CHOP/R, cyclophosph-
amide, doxorubicin, vincristine, and prednisone plus rituximab; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; NHL, non-Hodgkin’s
lymphoma; CHOEP, etoposide plus CHOP; CVP, cyclophosphamide, vincristine, and prednisone; Ontac, DAB389IL-2; CEPP, cyclophosphamide, etoposide,
procarbazine, prednisone; ICE, isophosphamide, carboplatin, etoposide; RICE, rituximab plus ICE; DHAP, dexamethasone, cisplatin, cytarabine; ESHAP,
etoposide, methylprednisolone, high-dose cytarabine, and cisplatin; HDC, high dose; ASCT, autologous stem-cell transplantation; hyperCVAD, hyperfraction-
ated cyclophosphamide, vincristine, doxorubicin, and dexamethasone; EPOCH, etoposide, prednisone, oncovin, cyclophosphamide, and hydroxydaunorubicin;
DVIP, dexamethosone, etoposide, isophosphamide, and cisplatin; MIME, mesna, isophosfamide, mitoxantrone, and etoposide; ALL-2, cytarabine and
high-dose mitoxantrone; L-20, vincristine and prednisone; gem, gemcitabine; ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; MOPP, mechloreth-
amine, vincristine, procarbazine, prednisone; COPP, cyclophosphamide, vincristine, procarbazine, and prednisone; Stanford V, chemotherapy regimen
designed for Hodgkin’s disease; GND, gem, navelbine, doxil; n, navelbine; MDX-60, fully human anti-CD30 immunoglobulin G1� monoclonal antibody; HDACI,
histone deacetylose inhibitor; SAHA, vorinostat.

�B- and T-cell lymphomas.
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treatment was delayed for 1 week. Dose escalation was allowed after the patient
received two cycles of pralatrexate with no toxicities. Dose modifications for
stomatitis were as follows by grade of stomatitis: If no toxicity (grade 0 stoma-
titis) was observed after two cycles, the dose was escalated to 150 mg/m2 for
two cycles (ie, 4 weeks). If no stomatitis was noted after two additional cycles,
escalation in 15-mg/m2 increments was allowed indefinitely. If any patient

developed grades 1 or 2 stomatitis during cycle 1 or 2, the patient received
folate (5 mg orally each day beginning 3 days before pralatrexate administra-
tion and continuing to the day of and the day after pralatrexate administra-
tion) and vitamin B12 (1,000 �g orally each day or 100 mcg intramuscularly
every 8 to 9 weeks). Continued grades 1 or 2 stomatitis could result in a dose
reduction at the discretion of the principal investigator. Any patient who

Table 2. Hematologic and Nonhematologic Toxicities That Occurred in � 10% of the Study Population

MedDRA Toxicity
Preferred Term

Toxicity Data by Study and Grade

Phase I QOW (n � 16) Phase I QW (n � 17) Phase II QW (n � 24)

All Grade 3 Grade 4 All Grade 3 Grade 4 All Grade 3 Grade 4

No. % No. % No. % No. % No. % No. % No. % No. % No. %

Anorexia/weight loss 1 6 0 0 0 0 6 35 0 0 0 0 12 52 2 9 0 0
Arthralgia 1 6 0 0 0 0 5 29 1 6 0 0 3 13 0 0 0 0
Ascites 0 0 0 0 0 0 3 18 0 0 0 0 7 30 3 13 0 0
Atelectasis 3 19 0 0 0 0 3 18 0 0 0 0 3 13 0 0 0 0
Back pain 1 6 1 6 0 0 7 41 2 12 0 0 5 22 2 9 0 0
Chest pain 4 25 0 0 0 0 3 18 0 0 0 0 3 13 1 4 1 4
Constipation 7 44 1 6 0 0 9 53 0 0 0 0 19 83 2 9 0 0
Cough 4 25 0 0 0 0 8 47 1 6 0 0 11 48 0 0 0 0
Dehydration 3 19 2 13 1 6 4 24 3 18 0 0 5 22 2 9 0 0
Diarrhea 3 19 0 0 0 0 6 35 0 0 0 0 10 43 0 0 0 0
Dizziness 1 6 0 0 0 0 2 12 0 0 0 0 3 13 1 4 0 0
Dysphagia 1 6 0 0 0 0 1 6 0 0 0 0 9 39 1 4 0 0
Dyspnea 7 44 2 13 1 6 12 71 3 18 0 0 13 57 6 26 1 4
Dysuria 0 0 0 0 0 0 1 6 0 0 0 0 4 17 0 0 0 0
Epistaxis 5 31 1 6 0 0 9 53 2 12 0 0 14 61 0 0 0 0
Erythema 0 0 0 0 0 0 4 24 0 0 0 0 4 17 0 0 0 0
Erythema multiforme 0 0 0 0 0 0 3 18 0 0 0 0 1 4 0 0 0 0
Exfoliative rash 5 31 0 0 0 0 5 29 1 6 0 0 7 30 0 0 0 0
Fatigue 14 88 1 6 0 0 15 88 0 0 1 6 21 91 0 0 0 0
Febrile neutropenia 4 25 3 19 1 6 3 18 2 12 1 6 0 0 0 0 0 0
Gastrointestinal disorder 0 0 0 0 0 0 0 0 0 0 0 0 3 13 0 0 0 0
Hyperhidrosis 2 13 0 0 0 0 2 12 0 0 0 0 4 17 0 0 0 0
Hypotension 2 13 2 13 0 0 5 29 2 12 1 6 5 22 1 4 0 0
Infection 1 6 0 0 0 0 4 24 1 6 1 6 2 9 2 9 0 0
Insomnia 1 6 0 0 0 0 1 6 0 0 0 0 3 13 0 0 0 0
Mucosal inflammation 0 0 0 0 0 0 0 0 0 0 0 0 5 22 1 4 0 0
Musculoskeletal pain 0 0 0 0 0 0 1 6 0 0 0 0 3 13 0 0 0 0
Myalgia 0 0 0 0 0 0 0 0 0 0 0 0 4 17 0 0 0 0
Nausea/vomitting 12 75 0 0 0 0 13 76 0 0 0 0 20 34 2 9 0 0
Neuropathy peripheral 0 0 0 0 0 0 5 29 0 0 0 0 2 9 0 0 0 0
Neutropenic infection 2 13 1 6 1 6 2 12 2 12 0 0 3 13 3 13 0 0
Edema 3 19 0 0 0 0 9 53 0 0 1 6 8 35 0 0 1 4
Pain 11 69 0 0 0 0 10 59 1 6 0 0 9 39 1 4 0 0
Paraesthesia 1 6 0 0 0 0 1 6 0 0 0 0 5 22 0 0 0 0
Pericardial effusion 0 0 0 0 0 0 3 18 0 0 0 0 0 0 0 0 0 0
Peripheral sensory

neuropathy 3 19 0 0 0 0 4 24 0 0 0 0 8 35 0 0 0 0
Pharyngitis 12 75 6 38 1 6 6 35 0 0 0 0 10 43 1 4 0 0
Pharyngolaryngeal pain 5 31 2 12 0 0 3 18 2 12 0 0 7 30 0 0 0 0
Pleural effusion 2 13 0 0 0 0 8 47 0 0 0 0 9 39 1 4 1 4
Pneumonitis 0 0 0 0 0 0 3 18 0 0 0 0 0 0 0 0 0 0
Pruritus 5 31 1 6 0 0 3 18 0 0 0 0 6 26 0 0 0 0
Pyrexia 1 6 0 0 0 0 8 47 0 0 0 0 6 26 0 0 0 0
Rash, maculopapular 1 6 0 0 0 0 2 12 0 0 0 0 3 13 0 0 0 0
Sinus tachycardia 1 6 0 0 0 0 4 24 0 0 0 0 3 13 0 0 0 0
Stomatitis 16 100 7 44 1 6 9 53 4 24 0 0 14 61 4 17 0 0
Tachycardia 2 13 0 0 0 0 5 29 0 0 0 0 2 9 0 0 0 0

NOTE. The value of � 10% of patients refers to the incidence of toxicity in any treatment cohort.
Abbreviations: QOW, every other week; QW, every week.
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experienced grades 3 or 4 toxicity thereafter received a reduced dose of prala-
trexate 100 mg/m2 (ie, approximately 33% dose reduction). If the patient had
no stomatitis (grade 0) on folic acid, then the dose could be escalated, but
development of any grade 4 stomatitis resulted in removal from study. Patients
who developed grade 3 stomatitis on study received folate and vitamin B12
supplementation as described and received a reduced dose of pralatrexate 100
mg/m2. If the patients experienced no stomatitis on folate and vitamin B12
with pralatrexate 100 mg/m2, then the pralatrexate dose could be escalated
back to 135 mg/m2. Any grades 2 or 3 stomatitis thereafter resulted in a
pralatrexate dose reduction back to 100 mg/m2. If the patients developed grade
1 stomatitis with the vitamin repletion and dose reduction, they were main-
tained at the lower dose level and were continued on the vitamins. Patients
who developed any grade 4 stomatitis received vitamin supplementation and
were removed from study.

Patients who developed any non–stomatitis-based toxicity were assessed
according to the following criteria: Patients who developed grades 2 to 3
toxicity during treatment could be treated with a repeat cycle of pralatrexate at
a lower dose of 120 mg/m2. Should continued grades 2 to 3 toxicity persist, an
additional dose reduction to 100 mg/m2 was allowed. If the patient continued
to experience any grades 2 to 3 toxicity after the second dose reduction, the
patient was removed from study at that time. Patients who develop any grade
4 toxicities were removed from study.

Response Criteria

Response criteria followed the guidelines previously reported by Cheson
et al.13,14 Optional positron emission tomography (PET) scans were per-
formed on virtually all patients pre- and post-treatment. All patients were
evaluable for toxicity, and patients evaluable for response were required to
have received at least one cycle of therapy (ie, 4 weeks in the QOW phase II
study or 7 weeks in the QW phase I/II studies). Response criteria for patients
with chronic lymphocytic leukemia or primary leukemic disease were accord-
ing to the National Cancer Institute guidelines reported by Cheson et al.14

RESULTS

Table 1 lists the general demographic data for all patients enrolled on
study. In total, 57 patients were registered on the study, and 41 of these
patients were treated on the weekly schedule. The majority of patients
(60%) were men. Overall, the study was comprised of patients with
diffuse large B-cell lymphoma, T-cell lymphoma, and HL.

Overall, pralatrexate was better tolerated on the phase II QW sched-
ule. Among the 24 patients treated on this schedule, a total of 46 cycles (ie,
280 doses) were administered. The median number of cycles adminis-
tered was 1.5, and 11 patients (43%) received more than 1.5 cycles. Simi-
larly, the median number of doses administered was nine, and 48% of
patients received more than nine total doses of pralatrexate. Among those
patients who received more than nine doses of pralatrexate on the QW
schedule, the ORR was 72%. Although this number represents a selection
ofpatients inclinedtodobetter, italsomaysuggest that thosepatientsable
to tolerate protracted dosing have a higher probability of benefit.

Eighteen (75%) of 24 patients completed more than one cycle of
therapy on the QW phase II schedule. Three (16%) of these patients
missed one dose, four patients (22%) missed two doses, and three
patients missed two doses. Two patients missed more than three doses.
The most common reasons for missed doses included grade 3 throm-
bocytopenia (ie, platelet count 25,000 to 50,000/�L) and grades 1 to 2
stomatitis, fatigue, infection, and neutropenia. One patient each expe-
rienced a bowel obstruction and odynophagia. Dose reductions to 15
mg/m2 were invoked for three patients with persistent thrombocyto-
penia and stomatitis.

Table 3. Clinical Chemistry and CBC Toxicities That Occurred in � 10% of the Study Population

Laboratory CTC Toxicity

Toxicity by Study and Grade

Phase I QOW (n � 16) Phase I QW (n � 17) Phase II QW (n � 23)

All Grade 3 Grade 4 All Grade 3 Grade 4 All Grade 3 Grade 4

No. % No. % No. % No. % No. % No. % No. % No. % No. %

ALT, IU/L H 3 19 1 6 0 0 14 82 3 18 0 0 18 78 2 9 0 0
AST, IU/L H 11 69 1 6 0 0 14 82 1 6 0 0 17 74 0 0 0 0
Albumin, g/dL L 11 69 0 0 0 0 16 94 0 0 0 0 17 74 2 9 0 0
Alkaline phosphatase, IU/L H 12 75 1 6 0 0 13 76 0 0 0 0 17 74 2 9 0 0
Total bilirubin, mg/dL H 10 63 1 6 0 0 10 59 1 6 1 6 11 48 3 13 0 0
Calcium, mg/dL H 1 6 1 6 0 0 2 12 0 0 0 0 2 9 0 0 0 0
Calcium, mg/dL L 8 50 0 0 0 0 14 82 1 6 0 0 16 70 1 4 2 9
Creatinine, mg/dL H 6 38 1 6 0 0 4 24 1 6 0 0 9 39 0 0 0 0
Glucose, mg/dL H 12 75 1 6 0 0 16 94 4 24 0 0 22 96 4 17 0 0
Glucose, mg/dL L 3 19 0 0 0 0 5 29 2 12 0 0 6 26 0 0 0 0
Hemoglobin, g/dL L 16 100 5 31 3 19 17 100 6 35 1 6 21 91 7 30 2 9
Lymphocytes, cells/�L 14 88 4 25 7 44 14 82 6 35 5 29 19 83 11 48 5 22
Magnesium, mEq/L H 3 19 0 0 0 0 3 18 0 0 0 0 1 4 0 0 0 0
Magnesium, mEq/L L 6 38 1 6 0 0 6 35 0 0 0 0 5 22 1 4 0 0
Neutrophils, cells/�L 11 69 3 19 6 38 11 65 2 12 6 35 11 48 5 22 4 17
PTT, seconds H 8 50 3 19 0 0 10 59 1 6 0 0 12 52 3 13 0 0
Platelet count, cells/�L 13 81 2 13 6 38 15 88 4 24 8 47 18 78 4 17 7 30
Potassium, mEq/L H 1 6 0 0 0 0 2 12 1 6 0 0 2 9 1 4 0 0
Potassium, mEq/L L 16 100 2 13 0 0 17 100 4 24 0 0 23 100 4 17 0 0
Sodium, mEq/L H 5 31 0 0 0 0 9 53 0 0 0 0 11 48 0 0 0 0
Sodium, mEq/L L 8 50 1 6 0 0 9 53 2 12 0 0 9 39 2 9 0 0
White blood cells 12 75 5 31 5 31 14 82 6 35 2 12 17 74 1 4 6 26

NOTE. The value of � 10% of patients refers to the incidence of toxicity in any treatment cohort.
Abbreviations: CTC, Common Toxicity Criteria; H, high; L, low; QOW, every other week; QW, every week; PTT, prothrombin time.
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Tables 2 and 3 list the grades 3 to 4 toxicities that occurred in
greater than 10% of the study population. On the QOW phase II
study, the major toxicity was stomatitis, which occurred in some form
in virtually all patients; eight patients (54%) experienced grade 3 or
4 stomatitis events. Events of pharyngitis, pharyngolaryngeal, pain,
nausea, and vomiting were all stomatitis related. Other grades 3 or
4 events included leukopenia (62%), lymphopenia (69%), and
thrombocytopenia (51%). Conversion from a QOW to QW sched-
ule resulted in a significant reduction of grades 3 to 4 toxicity:
stomatitis decreased from 54% to 17%; pharyngitis decreased from
44% to 4%, leukopenia decreased from 62% to 30%, and lym-
phopenia remained essentially constant. Most of the toxicities on
the QW schedule were experienced by patients treated at the MAD
of 45 mg/m2 (ie, 11 of these 17 patients).

The MAD was 45 mg/m2 weekly for 6 of 7 weeks. At this dose,
cycle 1 DLTs included neutropenic fever (n�1); neutropenia (n�1);
and missed doses (n � 1), for which three (n � 1 for low platelets; n �
2 for stomatitis) of six planned doses were missed. In addition, three
patients missed two of six doses, mostly for neutropenia and throm-
bocytopenia, although this was not defined as a DLT. Two grade 5
toxicities occurred. One patient with adult T-cell leukemia/lymphoma
and one patient with enteropathy-associated T-cell lymphoma died as
a result of sepsis associated with rapid reduction in tumor that led to
open skin wounds and bowel perforation, respectively. Both of these
events were attributed to a compromise of anatomic barriers that led
to life-threatening infections. Because of these events, the dose cohort
was expanded to 12 patients (n � 11 treated) after attaining institu-
tional review board approval. There were no additional DLTs in the
remainder of the cohort. Given the spectrum of toxicity and the
missed doses, this dose level was declared the MAD.

Tables 4 and 5 list the response data. The only patient with T-cell
disease who was treated on the QOW schedule experienced a PET-
negative CR after one dose of pralatrexate, and all other patients
experienced essentially stable disease. Overall, nine patients were not
evaluable: three for marked progression of disease after one dose of
drug; two for mucositis (both in the QOW arm); two who developed
sepsis after partial resolution of bowel and skin disease; one for throm-
bocytopenia; and one as a result of myocardial infarction unrelated to
pralatrexate. After conversion to the QW schedule, two (n � 1 T acute

lymphoblastic leukemia/lymphoma; n � 1 adult T-cell leukemia/
lymphoma) of three patients who were treated at the first dose cohort
(ie, 30 mg/m2 each week for 3 of 4 weeks) achieved PR, as did a patient
with �, �-subcutaneous panniculitis-like T-cell lymphoma who was
treated at the next-highest dose level (ie, 30 mg/m2 each week for 6 of
7 weeks). The ORR was 31% (in all patients), which included eight
patients who experienced CR and seven who experienced PR. All
patients with HL (n � 8) achieved only stable disease. Only one (5%)
of 20 patients with B-cell lymphoma responded, and 54% of patients
with T-cell lymphoma attained a major remission. Of those patients
who responded, eight (31%) experienced CR, and six (23%) experi-
enced PR. Four of the six who experienced PR were PET negative.

Table 6 lists the patients who responded and the duration of
response. These data suggest that despite refractory disease, pralatrex-
ate is capable of inducing durable remissions, as eight patients (53%)
had at least a 6-month remission, and four patients experienced sus-
tained remission for a year or more. Interestingly, two patients
(patients 2 and 4) had prior MTX treatment. Patient 2 relapsed
months after ending an MTX-based maintenance program, whereas
patient 4 was refractory to MTX immediately before receiving prala-
trexate. These modest experiences suggest a lack of cross resistance
between MTX and pralatrexate.

DISCUSSION

RFC is a unique therapeutic target. Its restricted expression on malig-
nant and fetal tissues gives it the potential for a significant therapeutic
index. Although pralatrexate was structurally modeled after MTX, it is
clear that the spectrum of activity seen in these study patients is
unusual. Although it is difficult to define well-established, single-agent
response rates for MTX within our present nomenclature of lym-
phoma, some studies give insight into the activity of MTX in this
patient population. One report documented six patients who experi-
enced CR and five who experienced PR of 22 patients treated for
predominantly B-cell NHL with escalating doses of MTX and leucov-
orin.15 In another study, 20 patients with advanced B-cell NHL were
treated with high-dose MTX plus leucovorin.16 Although the ORR in
this study was 60%, the CR rate was approximately 20%. Though the

Table 4. Response Data for All Patients as a Function of Phase of Study

Response
Type

Study Design

Phase II QOW Phase I QW Phase II QW

All
(n � 13/16)

B Cell/HD
(n � 12/15)

T Cell
(n � 1)

All
(n � 14/17)

B Cell/HD
(n � 5/6)

T Cell
(n � 9/11)

All
(n � 21/24)

B Cell/HD
(n � 3/4)

T Cell
(n � 16/18)

No. % No. % No. % No. % No. % No. % No. % No. % No. %

CR/Cru 1 8 0 0 1 100 4 29 0 0 4 44 3 14 0 0 3 19
PR 0 0 0 0 0 0 2 14 1 20 1� 11 5 24 0 0 5† 31
SD 10 77 10 83 0 0 3 21 3 60 0 0 4 19 2 66 2 13
NE 3 23 3 25 0 0 3 21 1 20 2 22 3 14 1 33 2 13
POD 2 15 2 17 0 0 5 36 1 20 4 44 9 43 1 33 6 38

NOTE. Data were based on evaluable patients. Two patients with composite lymphoma (T- and B-cell non-Hodgkin’s lymphoma) had progression of disease and
therefore could not be additionally subclassified strictly as B- or T-cell non-Hodgkin’s lymphoma.

Abbreviations: QOW, every other week; QW, every week; HD, Hodgkin’s disease; CR, complete remission; CRu, unconfirmed complete remission; PR, partial
remission; SD, stable disease; NE, not evaluable; POD, progression of disease.

�Negative positron emission tomography in one patient.
†Negative positron emission tomography in three patients.
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remissions in each of these instances were not durable, the initial
cytoreduction was considered significant and helped establish the
activity of MTX for lymphoma.

The activity of pralatrexate in T-cell lymphoma is impressive for
a disease without effective standard therapies. The activity in T-cell
lymphoma is interesting because it also occurred at low doses, which is
likely attributable to the significantly higher affinity of pralatrexate for
RFC. The modest activity in B-cell NHL or HL does not suggest that
pralatrexate is inactive in B-cell NHL, but suggests that other schedules
need to be explored. A feature of the QOW schedule was cytokinetic
failures, as many patients with B-cell disease exhibited prompt but
transient clinical responses during the first week after treatment. The
mucositis was preempted by using pralatrexate QW at those doses
initially. The observation that modulation of Hcy and MMA with folic

acid and vitamin B12 could abrogate stomatitis has shifted the con-
duct of all ongoing pralatrexate studies. In fact, two patients with low
baseline Hcy and MMA who had both undergone previous tandem
peripheral-blood stem-cell transplantations tolerated pralatrexate 240
mg/m2 QOW. These insights have now led to new phase I studies in
solid tumor malignancies in which vitamin repletion has increased the
QOW MTD to 270 mg/m2.17 The supplementation of vitamins with
pralatrexate of course raises concerns about the risk of compromising
the benefit of the drug, which does not seem to be borne out in
laboratory studies or in this study, at least in T-cell NHL.

The importance of the population PK and nutritional covari-
ates has been analyzed in a population-based PK model. Early data
from Mould et al18 suggest that the two most significant determi-
nants of stomatitis risk are pretreatment MMA and area under the

Table 5. Summary of All Study Response Rates

Disease

No. of Patients

Response

CR/CRu

(No.) PR (No.)

ORR ORR by ITT SD POD�

Evaluated Overall %

No. With

Response

No.

Evaluated

95% CI

(%) %

No. With

Response

No.

Evaluated

95% CI

(%) %

No. With

Response

No.

Evaluated

95% CI

(%) %

No. With

Response

No.

Evaluated 95% CI (%)

All 48 57 8 7 31 15 48 18 to 46 26 15 57 15 to 40 35 17 48 22 to 51 33 16 48 20 to 49

B cell/HD† 20 25 0 1 5 1 20 0.1 to 25 4 1 25 0.1 to 21 75 15 20 50 to 91 20 4 20 6 to 44

T cell‡ 26 30 8 6§ 54 14 26 33 to 74 47 14 30 28 to 66 8 2 26 1 to 25 38 10 26 20 to 60

Abbreviations: CR, complete remission; CRu, unconfirmed complete remission; PR, partial remission; ORR, overall response rate; ITT, intention to treat; SD, stable
disease; POD, progression of disease; HD, Hodgkin’s disease.

�Two patients with composite lymphoma had progression of disease. They are included in the category of all patients, but they could not be assigned additionally
to B- or T-cell non-Hodgkin’s lymphoma, hence the difference of two in the number of patients reported.

†All eight patients with Hodgkin’s disease had stable disease. The patient who experienced partial remission had diffuse large B-cell non-Hodgkin’s lymphoma.
‡One patient who had ALCL with stable, small-volume disease by computed tomography and who had positron emission tomography–positive skin lesions before

pralatrexate administration became negative for skin lesions on positron emission tomography after pralatrexate administration.
§Four patients were negative on positron emission tomography.

Table 6. Summary of Diseases That Responded to Pralatrexate and Durations of Response

Patient Disease

Pralatrexate Response Data
Duration of Response to
Prior Therapy (months)

Duration of Response to
Pralatrexate (months)Response Type Study Type

1 PTCL NOS CR Phase II QOW Refractory 3
2 T-cell ALL CR Phase I QW 7 12
3 HTLV-1 ATLL CR Phase I QW Refractory 26
4 �, �–SQ paniculitis-like T cell CR Phase I QW Refractory 9�

5 ALCL (ALK positive) CR Phase I QW 48† � 22
6 Diffuse large B-cell NHL PR Phase I QW 14 1.5
7 Blastic NK/T PET-negative CR Phase I QW Refractory 6
8 ALCL (ALK negative) CRu Phase II QW 8 2
9 PTCL NOS CR Phase II QW 4 12‡

10 Subcutaneous paniculitis-like T cell CR Phase II QW Refractory 10�

11 Angioimmunoblastic T-cell lymphoma PET-negative SD by CT Phase II QW Refractory 3
12 Mycosis fungoides PR Phase II QW Refractory � 2
13 PTCL NOS PR Phase II QW Untreated 5
14 PTCL NOS PR Phase II QW Refractory 1-2
15 PTCL NOS PR Phase II QW 4 6.5

Abbreviations: PTCL NOS, peripheral T-cell lymphoma not otherwise specified; CR, complete remission; QOW, every other week; ALL, acute lymphoblastic
lymphoma/leukemia; QW, every week; HTLV-1 ATLL, human T-cell lymphotropic virus type 1 adult T-cell leukemia/lymphoma; SQ, subcutaneous; ALCL, anaplastic
large T-cell lymphoma; ALK, anaplastic large-cell kinase; NHL, non-Hodgkin’s lymphoma; PR, partial remission; NK/T, natural killer/T cell; PET, positron emission
tomography; CRu, unconfirmed complete remission; SD, stable disease; CT, computed tomography.

�The response was followed by allogeneic transplantation.
†The 4-year response included post–peripheral-blood stem-cell transplantation.
‡Patient developed idiopathic immune thrombocytopenia, for which corticosteroids were administered; corticosteroids were followed by splenectomy. He

remained in complete remission at 24 months, though the initiation of corticosteroids rendered him technically off study.
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curve exposure. These models appear to predict nearly 100% of the
patients who experience stomatitis, though analyses with other
specific hematologic toxicities are ongoing.18

On the basis of the activity in T-cell malignancies, an interna-
tional, multicenter, phase II study in peripheral T-cell lymphoma
(PROPEL) has been completed, and a phase II study in cutaneous
T-cell lymphoma is ongoing. New studies in B-cell lymphoma to
explore higher doses on a QOW basis with vitamins are planned. A
major emphasis is being placed on understanding the mechanistic
basis for the activity in T- versus B-cell lymphoma at a molecular level.
These data have established that pralatrexate exhibits marked activity
in a diverse spectrum of refractory T-cell malignancies, which pro-
duces durable responses in heavily treated patients.
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