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Introduction: Peripheral T-cell lymphomas (PTCLs) are a group of rare

malignancies originating from clonal proliferation of mature, post-thymic

T cells that represent 10 -- 15% of all non-Hodgkin’s lymphomas with poor

prognosis and median survival of 1 -- 3 years. The standard treatment for

PTCL has not yet been identified. Many patients with PTCL are refractory to

first-line therapy. The complete response rate ranges from 36 to 66% accord-

ing to different PTCL subtypes. Furthermore, those who reached a complete

or partial response often have a shorter progression-free survival.

Areas covered: This paper discusses the potential of pralatrexate, a

methotrexate analogue, as a treatment of PTCL. The authors report on the

efficacy and safety data of controlled studies and describe the end points of

ongoing trials. Pralatrexate was the first drug to obtain FDA approval for

the treatment of patients with relapsed or refractory PTCL. However, the

European Medicines Agency has refused marketing authorization.

Expert opinion: None of the treatments commonly used today have given

satisfactory results. Pralatrexate seems to be one of the most promising agents

in the treatment of patients with PTCL. Future efforts should be focused on

better understanding the molecular pathogenesis of PTCL and on specific

trials for different PTCL subtypes using rational drug combinations that

include pralatrexate.

Keywords: antifolate, marketing authorization, new drugs, peripheral T-cell lymphoma,

pralatrexate, treatment
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1. Introduction

Peripheral T-cell lymphomas (PTCLs) are a group of rare and heterogeneous
malignancies that develop from clonal proliferation of mature, post-thymic
T cells [1] and comprise approximately 10 -- 15% of all non-Hodgkin’s lymphomas
(NHL) in Western populations [2,3] with a higher prevalence among men and older
individuals (median age of diagnosis being 62 years).

The mature T-cell lymphomas are classified by the World Health Organization
classification system 2008 [4] into four groups, based on their clinical features:
leukemic or disseminated, nodal, extranodal, and cutaneous.

The International PTCL project that collected 1314 cases of T/NK-cell
lymphomas from 22 institutions worldwide [5] revealed that around the world the
most common subtypes are the nodal T-cell lymphomas.

PTCLs show significant variation in geographic and racial distribution: PTCLs
not otherwise specified (PTCL-NOS) and ALK+ anaplastic large cell lymphomas
(ALCLs) are more common in North America; angioimmunoblastic T-cell
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lymphomas and ALK- ALCL are more common in Europe;
and NK-/T-cell lymphomas and adult T-cell lymphomas are
more common in Asia [6,7].
T-cell lymphomas represent a poor prognosis subgroup

of lymphoma [8], with a median survival for PTCL of
1 -- 3 years.
To evaluate the prognosis of T-cell lymphoma, the Interna-

tional Prognostic Index (IPI) is normally used [9].
Outcome is different between the different subtypes

according to IPI. For instance, the 5-year overall survival
(OS) for patients with PTCL-NOS with IPI 0 -- 1 was 56%,
whereas for those with IPI 4 -- 5, it was 11%. For patients
with ALCL, the 5-year survival for IPI 0 -- 1 was excellent at
90 and 74% for ALK+ and ALK- patients, respectively;
however, patients with IPI 4 -- 5 had a poor outcome, with
5-year survivals of 33 and 13%.
A lot of patients with PTCL are refractory to first-line

therapy. The complete response (CR) rate ranges from 36 to
66% according to different PTCL subtypes [10]. Furthermore,
those who reached a CR or partial response (PR) often have a
shorter progression-free survival (PFS).

2. Overview of the market

There are currently no approved agents for first-line treatment
of PTCL, and there are no randomized trials that help
identify the best therapy.
First-line treatment generally consists of combination

chemotherapy, primarily with cyclophosphamide, doxorubi-
cin, vincristine and prednisone (CHOP), but response is
achieved in approximately half the patients and is generally
of short duration. The first-line response rates (RR) to
anthracycline-containing regimens for patients with PTCL
have been reported to range between 50 and 70%, yet the
long-term survival of these patients remains dismal.

A retrospective meta-analysis of 2912 patients treated with
CHOP or CHOP-like regimens reported a 5-year OS of
37% [11].

Three other retrospective studies have reported a 5-year OS
varying from 26 to 41% for patients with PTCL [5,12,13].

Several groups have tried more intensive regimens for
PTCL treatment: doxorubicin, cyclophosphamide, vindesine,
bleomycin, and prednisone (ACVBP) plus autologous stem
cell transplantation (ASCT) (Gela) [14], several variation of
CHOP (GHGLSG) [15,16], high-dose sequential chemotherapy
with ASCT (Italy) [17], alternating triple therapy regimen and
hyperfractionated-cyclophosphamide, vincristine, doxorubicin,
and dexamethasone (hyper-CVAD) (MD Anderson Cancer
Center) [18]. A variety of other anthracycline-based combination
therapies have also shown activity, including infusional
treatment programs such as CHOP plus etoposide [19]. Non-
alkylator-based treatment programs exploiting nucleoside
analogues as well as monoclonal antibodies/immunotoxins
and high-dose chemotherapy (HDT) followed by ASCT have
also been used in patients with T-cell lymphomas, with varying
degrees of success [20].

Early data suggest that HDT followed by ASCT may be
more effective at inducing meaningful durable CRs, but
many patients never achieve the remissions useful to make
ASCT feasible and there are no data from randomized trials
available that allow a determination that ASCT is superior
to other conventional chemotherapy programs [21].

To improve the outcome of patients with PTCL, new
therapeutic approaches and the introduction of novel agents
are necessary. Currently, many new agents are being used
or are in clinical trials. Recently also, a new combination
regimen has been tested: dexamethasone, methotrexate, ifosfa-
mide, etoposide, and L-asparaginase (SMILE) that showed
good activity in patients with advanced stage and relapsed/
refractory extranodal NK-cell lymphomas [22-24].

Currently, a common standard of care has not been
identified for patients with relapsed/refractory PTCL. Some
common chemotherapy-based regimens utilized are ifosfamide,
carboplatin, etoposide (ICE); cytarabine (Ara-C), cisplatin and
dexamethasone (DHAP); etoposide, methylprednisolone,
high-dose cytarabine (Ara-C) and cisplatin (ESHAP).

Recently, three new agents have been approved by FDA
with specific indication for PTCLs: pralatrexate, romidepsin,
and brentuximab vedotin (BV) [25]. These agents showed
impressive activity in heavily pretreated, highly refractory
patients not associated with a cumulative toxicity.

Romidepsin is a potent histone deacetylase (HDAC)
inhibitor with a good efficacy/safety profile in relapsed/
refractory patients with PTCL. Romidepsin seems to be
suitable for administration in pretransplant setting or in
patients relapsed after transplant or ineligible for this procedure
[26-28].

BV is an immunoconjugate combining an antitubulin agent
with a CD30-specific chimeric monoclonal antibody that was
authorized by the FDA for the treatment of relapsed/refractory

Box 1. Drug summary.

Drug name Pralatrexate
Phase III
Indication Relapsed/refractory PTCL
Pharmacology
description

Antifolate and antimetabolite

Route of
administration

Intravenous

Chemical
structure

NH2

H2N

N

O

O

O OH

OH

N

N

N
H

N

Pivotal trial(s) PROPEL study [44]

PTCL: Peripheral T-cell lymphomas.
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ALCL. BV can be administered for both palliative treatment
and pretransplant salvage therapy [29,30].

3. Introduction to the compound

In the late 1970s, researchers at the Memorial Sloan-Kettering
Cancer Center discovered that cancerous cells take in natural
folate through a plasma membrane transporter [31-33] (‘reduced
folate carrier type 1’ or ‘RFC-1’) that is overexpressed in
cancerous cells to ensure high folate level. Following this
discovery, the intention was to develop an antifolate with
great therapeutic selectivity that could be more effectively
internalized into tumors through RFC-1 and that would be
more toxic to cancer cells than normal cells. This collaboration
led to the identification of pralatrexate in the mid-1990s.

4. Chemistry

Pralatrexate is a synthetic 10-deazaaminopterin antifolate.
The structural formula is reported in Box 1. Pralatrexate is a
1:1 racemic mixture of S- and R- diastereomers at the C10
position.

5. Pharmacodynamics

Pralatrexate is an antifolate and is part of a group of
compounds known as antimetabolites.

Pralatrexate selectively enters cells through RFC-1, a
protein that transports reduced natural folates into highly
proliferative cells [34].

RFC-1 is highly expressed on the majority of embryonic
cells during early development, but the expression subsides
dramatically in adults, with the exception of rapidly proliferat-
ing tissues (i.e., hematopoietic cells and basal layer of intestinal
mucosa). Various oncogenes, including H-ras and c-myc, can
upregulate the RFC-1 expression in various malignancies
corresponding to the high DNA synthesis demand of rapidly
proliferating tumors.

Subsequently, pralatrexate is efficiently polyglutamylated
by the enzyme folylpoly-glutamyl synthetase. Therefore, it
may act as a competitive inhibitor for polyglutamylation of
natural folates [35,36]. Further, it is believed that the addition
of glutamate residues to pralatrexate leads to increased
intracellular half-life, allowing prolonged drug action in
malignant cells [37]. The relative increase in cellular uptake
and differences in polyglutamate formation in normal versus
malignant cells may account for the enhanced activity of
pralatrexate [38].

Pralatrexate is also involved in the inhibition of dihydrofolate
reductase [36,39,40].

The subsequent decrease in the concentrations of purines
and a pyrimidine necessary for DNA synthesis leads to errors
in DNA replication, which brings about necrosis or apoptosis
in rapidly dividing cells, such as some cancer cells and normal
cells of the gastric mucosa and bone marrow [41].

6. Pharmacokinetics and metabolism

Pralatrexate is administered at a dose of 30 mg/m2 as an
intravenous push over 3 -- 5 min once weekly for 6 weeks in
7-week cycles. The total systemic clearance of pralatrexate dia-
stereomers was 417 ml/min (S-diastereomer) and 191 ml/min
(R-diastereomer) [42]. The terminal elimination half-life was
12 -- 18 h. Pralatrexate total systemic exposure and maximum
plasma concentration increased proportionally with dose.
The pharmacokinetics did not change significantly over
multiple treatment cycles, and no drug accumulation was
observed. Pralatrexate diastereomers showed a steady-state
volume of distribution of 105 L (S-diastereomer) and 37 L
(R-diastereomer) [1]. In vitro studies indicate that pralatrexate
is approximately 67% bound to plasma proteins [41]. It is not
significantly metabolized by the Phase I hepatic CYP450 iso-
zymes or Phase II hepatic glucuronidases, and it has low
potential to induce or inhibit the activity of CYP450
isozymes. The mean fraction of unchanged pralatrexate dia-
stereomers excreted in urine following a pralatrexate dose was
31% (S-diastereomer; CV = 47%) and 38% (R-diastereomer;
CV = 45%), respectively.

7. Clinical efficacy in lymphoproliferative
malignancies

PDX-02-078, a Phase I--II study, was the first study
conducted in lymphoproliferative malignancies. The starting
dose of pralatrexate was 135 mg/m2. Due to the high
incidence of mucositis, the study was modified, starting with
a 30 mg/m2 weekly for 3 weeks every 28 days associated to
vitamin B12 and folic acid supplementation.

The dose-limiting toxicities occurred at a dose of 45 mg/m2

and the maximum tolerated dose was determined to be
30 mg/m2/week. Responses were observed in 15 of 48 evalu-
able patients for an overall response rate (ORR) of 31% [43].

Considering only patients with T-cell lymphoma, the ORR
was 54% (14/26): 8 CRs and 6 PRs.

Taking into account the promising results from this trial,
the PROPEL study was initiated [44].

The primary efficacy end point of the study was RR, and
the secondary efficacy end points were duration of response
(DR), PFS and OS.

The study enrolled a total of 115 patients, and 109 resulted
evaluable.

A total of 111 study participants received pralatrexate at
30 mg/m2 once weekly by intravenous push for 6 weeks in
7-week cycles until disease progression (PD) or unacceptable
toxicity.

Based on an independent review, an ORR of 29% was
shown, with 12 patients achieving CR/unconfirmed complete
response, 20 achieving PR and 21 achieving stable disease.
Median DR was 10.1 months, and median PFS and OS
were 3.5 and 14.5 months, respectively.

Pralatrexate
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In total, 23% withdrew from treatment due to adverse
events (AEs), most frequently for mucositis or thrombocyto-
penia and 8 patients died within 30 days of their last dose
of pralatrexate (seven PD and one cardiopulmonary arrest).
A subgroup of 15 patients enrolled had received CHOP as

their first-line treatment, followed by pralatrexate as second
line. These patients demonstrated an ORR of 47% and a
median DR of 12.5 months. These results suggested that
second-line pralatrexate may lead to increased opportunities
for transplantation approaches [45].
PDX-010 is a Phase I study that enrolled 54 heavily

pretreated patients and was designed to determine an effective
and well-tolerated dose and schedule of pralatrexate as a single
agent when administered concurrently with vitamin B12 and
folic acid to patients with relapsed/refractory cutaneous T-cell
lymphoma (CTCL). The RR among patients treated with
15 mg/m2 weekly for 3/4 weeks was 45% (13/29; 1 CR,
12 PRs) [46].
Different studies of pralatrexate in combination with other

agents are ongoing: a study of pralatrexate plus bexarotene in
relapsed/refractory CTCL [47] and another study of pralatrex-
ate plus gemcitabine in relapsed/refractory B and T NHL and
Hodgkin’s lymphomas.
Interim efficacy data about study on pralatrexate plus

gemcitabine showed that on the 33 evaluable patients, the
percentage of PR was 21 [48].
A Phase III study randomized between pralatrexate and

observation is ongoing in naive patients with PTCL who
have achieved an objective response following initial treat-
ment with CHOP-based chemotherapy. The purpose of this
study is to see whether pralatrexate extends response and
survival following CHOP-based chemotherapy [49].
A Phase I/II study about the combination of pralatrexate

and romidepsin in relapsed/refractory lymphoid malignancies
is currently recruiting patients. This is a study to test how safe
is the combination of the drugs and to determine the safest
dose of the combination. If the combination is determined
to be safe, the study will continue only accruing patients
with PTCL [50].

8. Safety and tolerability

The data about the safety of pralatrexate come from the
largest trials conducted: PROPEL and PDX010.
In the PROPEL study, the most common AEs were

mucositis (71%), nausea (41%), thrombocytopenia (41%)
and fatigue (36%). The most common grade 3 or 4 AEs
were thrombocytopenia (33%), mucositis (22%), neutropenia
(22%) and anemia (18%). No cumulative myelosuppression
was observed with continued pralatrexate treatment.
Thrombocytopenia, anemia and neutropenia were rarely

symptomatic and required supportive care in a minority of
patients [44].
In the PDX010 study on CTCL, the most common AEs

included mucositis (48%), fatigue (41%), nausea (31%),

edema (28%), epistaxis (24%), pyrexia (21%), anorexia
(21%) and skin toxicity (21%). The only Grade 3 AEs that
occurred in > 1 patient were mucositis (17%) and skin
toxicity (7%), and the only Grade 4 AE was leucopenia [46].

Pralatrexate has been associated with severe dermatologic
reactions such as skin exfoliation, ulceration and toxic epider-
mal necrolysis, which may result in death. These reactions
have been reported in clinical studies (14/663 patients
[2.1%]) and postmarketing experience.

9. Regulatory affairs

9.1 US
On September 2009, the US FDA Office of Oncology Drug
Products granted accelerated approval to pralatrexate injection
(Folotyn�, made by Allos Therapeutics, Inc.) for the
treatment of patients with relapsed/refractory PTCL. This
approval was based on an objective ORR observed in the
PROPEL trial. As a condition of the accelerated approval,
randomized, controlled trials are required postapproval to
verify and describe the clinical benefit of the drug.

Pralatrexate has also gained compendia approval for the
treatment of CTCL. In 2011, the National Comprehensive
Cancer Network updated the NHL Clinical Practice Guide-
lines and the Drug and Biologics Compendium to include
Folotyn� for the treatment of CTCL patients with mycosis
fungoides and Sézary syndrome.

9.2 European Union
On January 2012, the Committee for Medicinal Products for
Human Use (CHMP) adopted a negative opinion, recom-
mending the refusal of the marketing authorization for the
FDA-approved medicinal product Folotyn� for PTCL
treatment.

The CHMP was concerned that PROPEL study was
designed in a way that did not allow the benefit assessment of
pralatrexate, particularly since Folotyn� was not compared
with any other treatment or placebo. Moreover, there was no
clear improvement seen in the condition of the patients, as
the study looked at the patients’ response to treatment but
did not further allow the Committee to assess the effect on
OS or PFS.

The applicant requested a re-examination of the opinion.
After considering the grounds for this request, the CHMP
re-examined the initial opinion and confirmed the refusal of
the marketing authorization on April 2012. However, some
of the members of the CHMP gave a dissenting opinion
stating that the benefits to public health of making pralatrexate
immediately available on the market outweigh the risk
inherent in the fact that additional data are still required.

10. Conclusion

There is no consensus regarding frontline or salvage
treatments for PTCL. Although several attempts to improve
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the results obtained with CHOP-like regimens, with the use
of intensive chemotherapy, biological or target treatments,
ASCT or allogenic bone marrow transplantation (alloSCT)
PTCL still has a poor prognosis compared with its B-cell
counterpart. Among PTCLs only ALCL has a relatively
good prognosis with a 5-year OS of 49 and 20% for ALK
+ and ALK-, respectively. For all other common subtypes
of PTCL, the 5-year OS is about 30 -- 35%. Thus, treat-
ments for PTCL appear inadequate and the high medical
need for new drugs cannot be questioned.

In the last few years, the FDA, on the basis of Phase II
prospective studies, approved three new drugs for relapsed/
refractory PTCL: pralatrexate, romidepsin and BV.

Pralatrexate and romidepsin showed good activity in
highly pretreated/refractory patients inducing as single agents
an ORR of 25 and 29%, and a DR of 10 and 13 months,
respectively. Further, they showed tolerable side effects, little
cumulative toxicity, and modest impact on quality of life,
and may have no impact on the ability to collect autologous
stem cells. Considering the different toxicity profiles, prala-
trexate may be preferred in patients with a history of cardiac
arrhythmia (particularly ventricular arrhythmia). In contrast,
romidepsin may be preferred in patients who would not be
expected to tolerate mucositis.

These new compounds will hopefully change the prognosis
in the near future when these agents are better studied and
more widely utilized. Further new insights into molecular
pathogenesis may lead to the development of newer target
compounds.

11. Expert opinion

Normally, CHOP is the frontline treatment of choice
for PTCL, although it is often ineffective, except in ALCL
ALK+. For instance, 3-year OS is 41.1% in PTCL-NOS.
Adding etoposide produces some advantages only in younger
patients with normal lactate dehydrogenase [51].

Also, more intensive chemotherapy, like hyper-CVAD,
does not improve outcome [52]. A Phase II trial combining
CHOP with bortezomib showed an increase of ORR but
did not improve OS [53]. Phase II--III trials with CHOP in
combination with alemtuzumab have increased toxicity
without improving the prognosis [54-57].

It is questionable whether the use of anthracycline-
containing regimen is still useful due to overexpression of
P-glycoprotein. It may be better to substitute anthracycline
with etoposide. Preliminary interesting results have been
obtained with CEOP, alternating with pralatrexate in
frontline therapy for patients with PTCL [58].

In retrospective studies, HDT/ASCT showed a role as a
consolidation treatment [59-62]. These results were confirmed
in some prospective nonrandomized trials [17,63-66].

AlloSCT either after a reduced intensity or myeloablative
conditioning regimen produced interesting results, but this
procedure could be used in a very small number of patients.
No further comparative studies are available.

Treatment for relapsed/refractory patients is derived from
B-cell lymphoma studies, followed by ASCT or alloSCT
when possible. However, the results obtained are dismal,
and thus, investigators designed a number of Phase II studies.

Several agents have been utilized as monotherapy or in
combination: antibodies directed to CD4, CD2, CD30 and
CCR4; immunomodulatory drugs, such as lenalidomide; tyro-
sine kinase and aurora kinase inhibitors; plitidepsin; HDAC
inhibitors such as romidepsin; folate analogues such as prala-
trexate; denileukin diftitox; and several chemotherapeutic
compounds, such as clofarabine, forodesine, bendamustine,
nelarabine and gemcitabine. All these agents showed some
efficacy with various degrees of toxicity in patients with PTCL.

Pralatrexate showed an ORR of about 30% in heavily
pretreated/refractory patients. This efficacy/safety profile
compares favorably with those demonstrated by other agents
utilized as monotherapy. Patients in CR had a median DR
of 44 months. Median OS was 14.5 months. Toxicity,
although not negligible, was tolerable. The safety of the
drug could be improved by administering oral folic acid and
vitamin B12 prior to, during and after pralatrexate treatment.
In case of mucositis, Grade 2 or more pralatrexate dose should
be omitted or modified.

Further, pralatrexate has an improved mechanism,
overcoming some of the limitations associated with antifolate
resistance, which represents a major challenge in cancer
chemotherapy with agents of this class. In our opinion, addi-
tional data, from yet to be conducted comparative studies, are
needed to confirm pralatrexate activity.

In conclusion, none of the treatments commonly used
today have given satisfactory results. The three drugs that
appear to be the most promising are BV, romidepsin and
pralatrexate. Pralatrexate deserves to be widely used alone or
in combination in controlled clinical trials.

New and more detailed knowledge of the molecular
pathogenesis of PTCL in the near future will be able to change
the prognosis of these patients, especially if we are able to
develop specific trials for the different subtypes using rational
drug combinations. Pralatrexate, FDA approved, but still an
experimental agent, may be part of these combinations.
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